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ABSTRACT

This report describes the results of a study on four pieces of
flight hardware from the Saturn IU and S-IVB stages to determine
whether the objectives of the formal qualification tests on that hardware
could have been obtained within that program by methods other than
performing the qualification tests. These methods include qualification
by analyses, similarity and integrated testing, i.e., distribution of the
objectives among the other tests in the program. The intent of the study
was to define a method to obtain hardware qualification for flight without
utilizing the usual qualification tests. In addition to determining whether
an actual program could support this general thesis, it was desired to
develop a method for maintaining visibility of the qualification status
(referred to as scorekeeping) during a complete program time period
and to establish the requirements for implementing this concept ¢n a
space vehicle program,

It was found that it is feasible to delete the requirements for
formal qualification testing provided that it is accomplished early in the
program to allow adequate planning for accomplishing the qualification
objectives by other means. Additionally, a scorekeeping system was
defined that is simple, straightforward, easy to implement. This score-
keeping system provides complete visibility of equivalent qualification
status at any point during the program. A set of groundrules for imple-
menting this study was established as a result of findings on the specific

items of hardware studied.
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I INTRODUCTION
L. PURPOSE

The purpose of this study was to investigate the following:

a. Methods of accomplishing qualification test objectives on
selected flight hardware without conducting a formal qualifi~
cation test program.

b. A scorekeeping system that provides quick visibility of the
equivalent qualification status of the piece of hardware at
any time if a suitable method is determined in a.

c. Requirements for implementing a. and b. above into the

overall program plan,

2, BACKGROUND

On previous programs, the qualification test requirements for
flight hardware have resulted in extensive and expensive testing on costly
flight identical test units, As a result of these tests, extensive data have
been accumulated on testing of parts, materials, subassemblies, and
assemblies. Investigations are currently underway within NASA toward
accomplishing the intent of qualification testing with a 'certification"
program that utilizes the results of previous tests, flight demonstrations,
qualification by similarity and qualification by analyses. The following
definitions are presented.

a, Hardware Qualification

Hardware qualification is a '"guarantee' that flight hardware
has been examined in a technically thorough manner such
that it can be expected to survive the stresses it will encounter

and to properly perform its assigned mission,

b. Qualification Tests

Qualification tests are performed on not-for-flight flight-
identical hardware to expose it to mission stresses and

demonstrate that it is capable of performing its intended

sed
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function in the appropriate (before-during-after) time rela-
tionship to both the stresses and the mission sequence of

events.

c. Qualification by Comparative Analysis

The comparative analysis, or 'similarities' concept, utilizes
data from previous programs to prove that the new design is
capable of performing its intended functions. In this case, it
is necessary to show the physical and functional similarity to
other hardware that has been tested to the required environ-

ments and stresses,

d. Qualification by Analysis

This approach represents an additional step in the analysis
performed during the design phase of a piece of hardware.
Qualification by analysis is a technical in-depth examination
and justification to satisfy the same ends as flight qualifi-
cation testing without actually performing an actual test.
When this method is used to satisfy qualification test objec~
tives, the results of the analytical tasks must be documented
and presented for approval at Preliminary and Critical

Design Reviews in lieu of qualification tests results

This study was conducted to determine whether the intent of
qualification testing could be accomplished in a systematic manner

without conducting formal qualification tests.

3. STUDY APPROACH

The first task of this study was to determine the various methods
and techniques that could be used to delete or reduce the requirements
for formal qualification testing, The approaches considered are summarized
in Exhibit I-1 along with the advantages and disadvantages of each, These
advantages and disadvantages are subjective considerations compared to
the usual method of hardware qualification, i, e., by formal qualification
testing. Based on these results, the combination of analyses and integrated
testing (Approach No. 4 of Exhibit I-1) was selected as being thz most

promisging to study in more detail,

St
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SELECT REPRESENTATIVE DEFING THE ACTUAL TEST
3 AMALYZE THE QUALIFICATION
m FLIGHT M%' OEVELOPHENT TEST PROGRAMS FOR EACH §TEM
RECEFINED TEST PROGRA
TOENTIFIED OTHER MEANS
l__ FOR THE RARDSARE TO SHOW DETERMINED METHOOS bEF
OF ACCOMPLISHING INE REQUIREMENTS
e omeLING AL HOU QUAL. TEST ORJECTIVES OF SCOREKEEPING FOR IMPLEMENTATION

Exhibit I-2, STUDY FLOW

Exhibit I-2 shows the general approach followed during this study.
Four representative pieces of flight hardware were selected and analyses
of the test histories were performed, The hardware selected from the
Saturn V Instrument Unit were the 56-Volt Power Supply, the C-Band
Transponder, and the Environmental Control System Primary Coolant
Pump, and from the S-IVB Stage, the J-2 Engine Hydraulic Actuator,
Each qualification objective, for each item of hardware, was studied to
determine if compliance with the requirements could be demonstrated
by means other than formal qualification testing. The first approach
applied was that of qualifying by similarity according to current rules.
This technique was applied at the assembly and subassembly level, In
many cases, it was found that the assembly could not be qualified by
similarity, although subassemblies were similar to previously used,
qualified hardware. For these cases, it was found that certain qualifi-
cation objectives could be partially achieved by similarity, When
similarity could not be used to demonstrate the objective, analytical
techniques were investigated. This investigation included identifying
analytical techniques and in some cases performing example and sample
analyses,

e o i S
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For cages where similarity and analytical techniques could not
be applied, other test phases were investigated to determine if the
qualification test objective could be fulfilled by integrated testing. It
was found that most objectives requiring actual test could be demonstrated
by expanding the development testing phase, In some cases this would
require the use of flight identical assemblies or subassemblies. It was
also found that other tests, particularly RFI and functional capability
could be accomplished as part of the test program on higher assemblies.
For each item of hardware studied, a re-defined test program was estab-
lished allocating each qualification test objective to either analytical/
similarity techniques or to some other specific test phase,.

Several methods of tracking techniques were investigated to
provide visibility of qualification st~tus during the ''re-defined' test
program for each item of hardware, Of the several techniques conceived
and studied only one was found that clearly provided this status while
not imposing unacceptable reporting requirements on the contractors
and design organizations, This approach is described in subsequent
sections of this document,

This study revealed several limitations on the application of
qualifying hardware without formal qualification test. These limitations
are stated as '"ground rules' for implementations and are stated at the
conclusion of this section.

During this study, it was assumed that all piece parts were either
purchased from a qualified parts list or had been previously qualified for
the environment specified. Therefore, no effort was expended on proving

the qualification of piece parts. This study addressed the qualification
of assembly level hardware only,



PR.C D-2085
6

4, STUDY SUMMARY

This study determined that the intent of qualification testing can
be fulfilled without conducting formal tests, This is accomplished by
utilizing an integrated test approach throughout the hardware development
cycle and analytical comparison techniques for specific portions of the
qualification objectives,

For each of the hardware iterns studied, the actual test [low
during the Saturn program was determined, A typical example of these

is shown in Exhibit 1-3,

QUALTFICATION
TESTS
. VENDOR VENICLE
ACCEPTANCE o  RECEIVING o MANUFACTURING
TESTS TESTS TESTS
DEVELOPMENT
TESTS
b
DESIGN
ANALYSES
VEHICLE Lé?#%ﬂ .
> LEVEL - > FLIGHT

Exhibit I3, GENERAL TEST FLOW

The test documentation on the hardware was researched and the
specific test objectives, requirements, and res ts were determined for
each phase of test, Based on this information, an overall view of the
actual test program was obtained and areas of significant repetition
were identified.

The gualification test program for each item of hardware was
studied in detail to determine the specific objectives. Each objective

was analyzed to determine if it could be accomplished without formal




) A
W 4

S

@

PRC D-2085
7

testing by analytical demonstration or by integrating the qualification
test objective with other phases of tests during the complete development
cycle., The resulting test flow for each item of hardware was established
deleting formal qualification tests. A typical test flow of this type is

shown in Exhibit I-4.

VENDOR VEHICLE
ACCEPTANCE w  RECEIVING o MANUFACTURING
- TESTS FESTS TESTS
OEVELOPMENT |
TESTS
ARALYTICAL
DEMONSTRATION L.
OF QUAL.
TESTS GOALS
VEHICLE LAU?“‘ fLIG
> LEVEL > S! 13 * IGHT

Exhibit I-4. GENERAL TEST FLOW WITHOUT QUALIFICATION TESTS

An overall summary of the findings, listed by typical qualification
test objectives, is given ir. Exhibit I-5, This exhibit depicts the general
objective for each type of qualification tests and summarizes the best
methods for achieving these objectives without conducting formal qualifi-
cation tests, based upon the findings of this study.

Of the four items of hardware studied, it was found that three,
namely the 56-Volt Power Supply, Coolant Pump, and the C-Band Trans-
ponder, could be qualified without formal qualification tests with a
reasonable extension of development tests and analytical techniques.

If this were impleinented in an actual program, it would require more
vigorous configuration control during the development test phase to assure
the test configuration was identical to the resulting flight hardware. For

the S-1VB Hydraulic Actuator, feasibility of achieving the qualification
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TYPE OF TEST

0BJECTIVE

FINDINGS

VIBRATION TO DETERMINE THE HARDWARE IS VIBRATION WILL YIELD TO A
CONSTRUCTED TO WITHSTAND EXPECTED TECHNICAL ANALYSIS, AIDED
DYNAMIC VIBRATIONAL STRESSES WITH- BY SIMILARITY WHERE APPLICABLE,
OUT MALFUNCTION OR DEGRADATION IN AND SUPPLEMENTED BY DEVELOP-
THE INTENDED ERVIRONMENT. MENT TESTING ON ENGINEERING
MODELS. QUALIFIED PIECE-
PARTS ARE REQUIRED.
ACCELERATION TO DETERMINE THE EFFECTS OF THE ACCELERATION OBJECTIVE
ACCELERATION STRESSES ON COMPONENT YIELDS READILY TO ANALYSIS AND
PARTS AND TO VERIFY THE ABILITY OF SIMILARITY. IT INCLUDES:
THE PARTS T0 OPERATE IN THE
ACCELERATION ENVIRONMENT. o SHEAR ANALYSIS
o ELONGATION AND YIELD
ANALYSIS
o COMPRESSION AMALYSIS
9 CREEP (I.E., TEFLON, ETC.)
® FLUID FLOW ANALYSIS
© SEALS ANALYSIS
THERMAL SHOCK TO DEMONS (RATE THE RESISTANCE OF THERMAL SHOCK CAN BE PREDICTED
HARDWARE TO EXPOSURES OF EXTREMES AT THE COMPONENT LEVEL IF
OF HIGH AND LOW TEMPERATURES AND QUALIFIED PIECE PARTS ARE
TO THE SHOTK OF ALTERNATE PURCHASED FOR THC ASSEMBLY.
EXPOSURES. TECHNIQUES USED ARE SHOCK
ANALYSIS OF MATERIALS, HEAT
TRANSFER, EXPANSION AND
CONTRACTION OF MATERIALS, AND
STRESS ANALYSIS OF RESTRAINED
PARTS.
PRESSURE TO DETERMINE THE HARDWARE 1S PRESSURE ANALYSIS MAY BE

STRUCTURALLY SAFE TG WITHSTAND
THE RANGES OF PRESSURE TO WHICH
1T WILL BE SUBJICTED WITHOUT
FAILURE OR DEGRADATION.

ACCOMPLISHED ANALYTICALLY
THROUGH STRESS AHALYSIS AND
SEALS ANALYSIS. THE MATERIALS
PARAMETERS MUST BE KNOWN AND
PURCHASED TO A COMPREHENSIVE
SPEC. DEFORMATION, YIELD, AND
RUPTURE MAY BE DETERMINED FROM
THE STRENGTH OF MATERIALS
CALCULATIONS. THE SEALS MAY
BE CALCULATED FOR COMPRESSION,
SHEAR, RUPTURE, AND BLOW OUT.

THERMAL VACUUM

TO DEMONSTRATE THE HARDWARE WILL
NOT UNDERGO:

DIMENSIONAL CHANGES
COMPROMISE OF SEALS
DETERIORATION OF POTTING
OUTGASSING

MATERIALS DEGRADATTON
DIELECTRIC BREAKDOWN
ARCING

C
HEAT TRANSFER PROBLEMS

THERMAL, VACUUM MAY BE
NEMONSTRATED BY TECHNICAL
ANALYSIS AND SIMILARITY WITH
PERHAPS SOME SUPPLEMENTARY
DEVELOPMENT TESTING AT THE SUB-
:ggEMBLV LEVEL. TECHNIQUES

9 MATERIALS ANALYSIS

o HEAT TRANSFER

& THERMAL DEFORMATION
ANALYSIS

¢ STRESS ANALYSIS

o ELECTRICAL ANALYSIS

Exhibit I-5,

SUMMARY OF STUDY FINDINGS




e ofs c

w

PRC D-2085

9
TYPE GF TEST OBJECTIVE FINDINGS
RFI THE OBJECTIVE OF RFI TESTING IS RF1 MAY BE PREDICTED REASONABLY
TO DETERMINE THE HARDWARE DOES WELL ANALYTICALLY. (IT REQUIRES
NOT INTEPFERE ELECTRICALLY WITH A DESIGNER-ORIENTED AWARENESS
OTHER E(."PMENT AND IS NOT AND TREATMENT FROM THE INCEPTION
INTERFERRED WITH ELECTRICALLY UNTIL COMPLETION OF SYSTEM LEVEL
TO THE POINT OF PERFORMANCE TESTS.) 1T WILL REQUIRE DEVELOP-
DEGRADATION, MENT TEST, SUB~SYSTEM AND SYSTEM
LEVEL TEST TO ASSURE THE ANALYTICS
ARE CORRECT.
SALT FQOG T0 DETERMINE THE RESISTANCE OF SALT FOG MAY BE DONE BY
MATERIALS AND FINISH TO SALT ANALYSIS AND/OR SIMILARITY. IT
CORROSION. REQUIRES:
e MATERIALS ANALYSIS
o FINISHES ANALYSIS
o COATINGS ANALYSIS
e PIECE-PARTS AND MATERIALS
(I.E., METALS, COATINGS &
FINISHES) FROM A QPL.
FUNGUS TO DETERMINE (A) THE RESISTANCE THE FUNGUS DETERMINATION MAY
OF MATERIALS, FINISHES, AND PIECE- BE MADE BY:
PARTS TO FUNGI, {B) TO DETERMINE o HANDBOOK DATA
THE EFFECTS ON MATERIALS, FINISHES, © MATERIALS ANALYSIS
AND PIECE-PARTS TO FUNGI UNDER ¢ DEVELOPMENT TESTING OF
CONDITIONS FAVORABLE FOR THEIR UNKNOWN MATERIALS
DEVELOPMENT . CHARACTERISTICS.
SHOCK TO DETERMINE (1) STRUCTURAL SHOCK MAY BE MADE TO YIELD
INTEGRITY OF COMPONENTS, (2) T0:
TO DETERMINE SUITABILITY OF ® SHOCK ANALYSIS
SMALL PARTS TO MODERATELY o SIMILARITY ANALYSIS
SEVERE SHOCKS. o TRANSIENT VIBRATIONAL
ANALYSIS TECHNIQUES
o STRESS AWALYSIS
e FATIGUE
SAND AND DUST OBJECTIVE I'5 TO DETERMINE THE SAND AND DUST ARE PRIMARILY A
COMPONENTS ABILITY TO RESIST MATERIALS, FINISH, AND SEALS
PENETRATION, CONTAMINATION AND PROBLEM. IT REQUIRES:
DAMAGE BY SAND AND DUST. o MATERIALS ANALYSIS
8 FINISHES ANALYSIS
e SEALS ANALYSIS
21 TECHNICAL
2) SIMILARITY
o MAY REQUIRE DEVELOPMENT
TEST ON SEALS ONLY
HUMIDITY T0 EVALUATE THE PROPCRYIES OF EFFECTS OF AND IMMUNITY FROM
MATERIALS AS THEY ARE INFLUENCED HUMIDITY MAY BE DETERMINED
BY THE ABSORPTION OF MOISTURE FROM TECHNICAL ANALYSES AND
AND MOISTURE VAPOR AND TO SIMILARITY, IT INCLUDES:
DETERMINE THE DEGREE OF
) PROTECTION THEREFROM, o SEALS ANALYSIS
o HMATERIALS ANALYSIS
) g;%k!lATION OF HANDBOOK

Exhibit I-5,

SUMMARY OF STUDY FINDINGS (Cont.)
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test objectives without formal tests was determined, but it would require
an expansion of the development test pkase nearly equal the qualification
test phase, For items of this nature, it is neither practical nor cost
effective to delete formal qualification tests. A good criteria to use w:en
deciding which hardware can be qualified without formal testing is to assess
the number and type of objectives that must be integrated with the develop-
ment tests. If the development test phase must be significantly expanded
to include many additional tests on flight identical hardware, it is ques-
tionable if this technique would result in any cost savings.

The implementation of this qualification method requires a technique
of maintaining visibility of qualification status throughout the development
program, The "scorekeeping'' technique conceived during this study is
based on the fact that all of the qualification test objectives will be satisfied
by analysis, tests, demonstration or some combination of these methods.
Each test objective can be assigned a weighting factor (expressed as a
"value'' percent of total qualification). This percentage number can then
be further subdivided to express how much of the objective will be accom-
plished in each phase of the program. The results of this planning is

documented in the form of a matrix (example shown in Exhibit {-6).

SCOREKEEPING MATRIX

TEST

TYPE
TEST e

PHA

SE ~\* 7
% CONTRIBUTION 20 | 100
SRR

ANALYSIS 5| 3 | 8 2 3 5 9 | s 10 | 60
DEVELOPMENT TEST 0 | 4 s | 0 28
ACCEPTANCE TESTS 2 5 7
RECEIVING TESTS
VEHICLE TESTS 5 5

Exhibit I-6., TYPICAL SCOREKEEPING MATRIX
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This matrix provides complete vigibility of the equivalent qualification
status at the completion of each phase of the program, i.e. analysis,
development test, etc. A detail example of this scorekeeping technique
is presented in Section IV.

During this study a number of potential program benefits were
identified that can be achieved by application of the qualification methods

presented herein, These benefits are summarized in Exhibit I~7.

o CONFIDENCE
¢ MO CURTAILMENT OF NECESSARY TESTING
o PRE-PLANNING OF ALL TESTS FOR REQD CONFIDENCE AND DATA

e HI CONFIDENCE TESTING REQD FOR HARUWARE IMPACTING LOSS
OF VEHICLE OR CREW ONLY

o UTILIZES DATA FROM ALL TESTING

o COST REOUCED BY
o FEWER ITEMS OF DEDICATED HARDWARE FCR QUALIFICATION TESTING
& REDUNDANT TESTING MINIMIZED
) smém.meo DOCUMENTATION AND APPROVAL CYCLES

o ANALYSIS PERFORMED EARLY YIELDS DESIAN BENEFITS - LATE CHANGES
Ml UED

¢ IMPLEMENTATION AND CONTROL

¢ SHIFT OF TEST EMPHASIS FROM QUAL TO DEVELOPMENT (NET COST OF
DEVELOPMENT TESTING WILL INCREASE WITH INCREASED TESTING AND
FORMAL COKTROL AND REPORTING)

¢ REDUCED PAPLRMORK WITH NO LOSS OF INFORMATION, MOMITORING, RIGORS,
VISIBILITY, OR CONTROL (APPROVALS)

Exhibit 1.7, BENEFITS OF QUALIFICATION BY ANALYSES,
SIMILARITY AND INTEGRATED TESTING,

However, since this is a deviation to the usual qualification approach, it
is recommended that certain ground rules be observed if this approach is
implemented. They are as follows:
a. The responsibility for hardware qualification should continue
to be assigned to the cognizant design organization, Specific
responsibilities will be as follows:

o Decide which hardware is to be qualified without
formal tests.

0 Establish detailed qualification test objectives.

IR
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o Integrate qualification objectives into test plans for
those objectives to be met by test or demonstration,

o Perform the design analyses necessary to prove the
proposed design satisfies the qualification test objec-
tive to be met by analysis. Document the results of
these analyses for presentation at Design Reviews.

o Assign a percentage value of the total qualification
test objective to each function.

o Initiate the scorekeeping matrix and complete all
applicable portions through the test phases for which
the design organization is directly responsible.

o Monitor the qualification status via the scorekeeping
matrix until all objectives are met.

Where practical an independent assessment of the analysis

should be accomplished.

This technique should only be applied to hardware with well
defined '"design-to'' specifications, The following should be
specifically defined:

o Reliability Requirements
Environments
Life Cycle Requirements

Operational Limits and Possible Overlcads

© o o ©

Maintainability and/or Replacement Requirements

o Tolerances on All Functions
In addition, all ‘'design-to' parameters must be quantitatively
described. It is impossible to perform a meaningful analysis

if the criteria are not quantitatively expressed.

Utilization of "qualification by comparative analysi=" should

be used to the maximum advantages.

Expansion of developmcnt testing should be utilized to reconcile
any analytical uncertainties or to accomplish qualification test
objectives that cannot be otherwise satisfied. Development
test configurations and test reports must be maintained in a

more formal manner than currently maintained.
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Utilize only qualified piece parts in the design of hardware

to be qualified in this manner. This study addresses the

method of hardware qualification for assembly level hardware.
One of the assumptions made during this study was that qualified

parts were utilized,

STUDY CONCLUSIONS

The general conclusions of this study are:

o

It is feasible to delete the requirements for formal qualifi~
cation testing on selected assembly level hardware provided
that it is done early in the program planning phase,

A simple, workable scorekeeping system can be applied,
The developed approach can only be implemented if well
defined ''design-to" specifications exist.

An integrated or distributed testing approach can and should
be utilized to accomplish those objectives that cannot be

satisfied by analytical techniques.



PRC D-2085
14

11, HARDWARE SUMMARY

1. INTRODUCTION OF HARDWARE
The hardware selected for this study is typical flight hardware

from the Saturn program that underwent a usual qualification test program.
Electrical, electronic, hydraulic, and mechanical types of hardware were
esgential to an all-inclusive discussion covering the common types of
assembly level hardware.

Specific hardware items chosen for this study include the Instrument
Unit 56-Volt Power Supply, the Instrument Unit Environmental Control
System Primary Coolant Pump, the Instrument Unit C-Band Transponder,
and the S-IVB J-2 Engine Hydraulic Actuator.

The power supply is a power-electronic item, potted, containing
parts such as a transformer and filters, The pump is ar. electrical,
mechanical, and hydraulic unit, containing an electric motor, the mech-
anical driving mechanism for the impeller, and the hydraulic loading on
the impeller and pump ports. The transponder is a complex piece of pure
electronic hardware containing mounted printed circuit elements and other
electronic hardware components. The J-2 engine hydraulic actuator is a 2
heavy piece of hydro-mechanical hardware., It has mechanical and hydraulic
stress requirements similar to other types of hardware found in a space
vehicle and requires a different consideration than the other three hardware

components studied, A descriptive summary of each item is given below.

2, 56-VOLT POWER SUPPLY

The 56-Volt Power Supply converts unregulated 28-volt DC battery
power to regulated 56-volt DC for the ST~124M-3 Intertial Platform Sub-

system located in the Saturn V Instrument Unit. It is a DC-to-DC converter

utilizing a magnetic amplifier as a control unit., The specification number
is 50760223, |

1NASA: Astrionics System Handbook -~ Saturn Launch Vehicles
(NASA/MSFC Astrionics Laboratory, Huntsville, Alabama, 1 Nov, 1968),
No, IV-4-401, Chapter 8.




FIPER- T UR S,

i

PRC D-2085
15

3. PRIMARY COOLANT PUMP

The Primary Coolant Pump is part of the Environmental Control
System in the Saturn V Instrument Unit., The pump circulates water/
methanol through the thermal concditioning system to maintain the proper
operating temperatures on Instrument Unit components. The pump
consists of an electric motor and centrifugal pump designed to operate

for 1,000 hours, The pump specification number is 20Z 42001, 2

4, C-BAND TRANSPONDER

The C-Band Transponder, Model SST-135C, Specification Number
50M60174, extends the tracking range of the Saturn V ground tracking
radar. The transponder receives a coded pulse from the ground station
and responds by transmitting back a coded pulse to the radar. The coded
pulse allows the ground station to determine the Saturn V range, azimuth,

and elevation., 3

5. S-1IVB J-2 ENGINE ACTUATOR

The J-2 Engine actuator assembly is a linear double-acting equal-
area electro-hydraulic cylinder incorporating mechanical piston position
feedback with an operational pressure of 3650 psig. The actuator body,
machined from a 2024-T6 aluminum-alloy forging, is approximately 6-1/2
inches in diameter, providing lightweight construction and good heat-
transfer characteristics., The actuator tailstock is machined from a
6AL -4V titanium-alloy forging, and the rod end is fabricated from
6AL -4V titanium,

2 IBM Corporation: IU System Description and Component Data

(IBM Corporation, Huntsville, Alabama 1 June 1966) No., 66-966-0006,
Environmental Control System

3 NASA: Astrionics System Handbook, Saturn Launch Vehicles
(NASA/MSFC Astrionics Laboratory, Huntsville, Alabama, 1 Nov, 1968)
No. IV-4-401, Chapter 7
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III. HARDWARE QUALIFICATION: TRADITIONAL PROCESSING
APPROACH VS, PROPOSED PROCESSING APPROACH

Each piece of hardware was examined in detail in terms of the
possibilities for meeting qualification objectives that were established by
the prime contractors for this hardware without performing formal quali-
fication testing., Each hardware item test program is flow charted in
two forms: (1) the tests as they'were actually run and (2) the modified
program as it could have been conducted had the objectives been met by

analysis, similarity, or integrated testing,

1. 56-VOLT POWER SUPPLY
The normal test flow sequence for the 56-Volt Power Supply is

shown in Exhibit III-la, Tests are classified from development testing
through the ultimate test: flight of the vehicle, The development testing
shown in the first block is made up of tests to assure the design specifi-
c.a‘cion.1 These tests include circuitry breadboarding test and evaluation
to meet environmental and functional requirements, The qualification
tests2 are shown under the qualification block in the figure. There is

a slight disparity between the tests actually performed and the tests re-
ported on in the IBM Qualification Test Report and the Qualification Test
Plan, 3 This difference occurs because additional tests were performed
which were not required by the Qualification Test Plan,

The vendor manufacturing tests, run by the power supply manu-
facturer assure that each subassembly within the power supply performs
properly and the power supply will perform its functions at room ambient
temperature in a non-vibrational environment. The acceptance test is

run after manufacturing immediately before the power supply is shipped

! IBM Corp.: Power Supply, Direct Current, 56-Volt, Specifi-

cation For. (IBM Corp., Huntsville, Ala., February 1¢, 1971) 50260223,
Section 3,

IBM Corp.: 56=~Volt Power Supply Qualification Test Report.
(IBM Corp., Huntsville, Ala., June 30, 1966) No. 66-226-0015, Sec. 1.0.

3 IBM Corp.: 56-Volt Power Supply Qualification Test Plan,
(IBM Corp., Huntsville, Ala,, May 9, 1966), 7907241, Section 4,

0 |
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to the prime contractor. The Systems Integration Tests - IU4 are run
during the manufacture of the IU at the contractor facility. The Systems
Compatibility Tests - Vehicle5 are run during the erection and pre-launch
tests of the entire vehicle,

Exhibit III-1b shows the power supply processing sequence which
eliminates the qualification test portion, This mnodified test flow has
expanded the analyses and other test phases ‘o include qualification test
objectives,

Functional testing shown under the development testing block in
Exhibit III-1b includes all the tests necessary to develop the power
supply in terms of performance. Functions {ested include input voltage
and current, output voltage and current, response times, regulation,
ripple, and noise, and other electrical characterisiics, In addition,
development testing is used to demonstrate the achievement of qualifi-
cation test objectives not conclusively shown by analysis or similarity.

The analyses block in Exhibit III-1b which parallels the develop-
ment testing function covers all phases of the analytical design and
development of hardware in addition to the required technical analyses to
support the demonstration of qualification test objectives.,

Individual qualif:cation objectives for tae power supply were
examined in detail as to how they may be integrate« with the other pro-
gram phases.

4 IBM Corp.: General Test Plan, Revision ''A" (IBM Corp.,
Huntsville, Ala,, January 23, 1967) 67-257-0001, Table 1, Figure 6-9,

> Op cit, Section 7.3 and 7. 3.

v i o
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VIBRATION

The vibration tests are conducted to determine if the equipment
will withstand expected dynamic vibrational stresses and to assure
performance in the simulated service vibration environment, 6 The
test objective is to determine whether or not the power supply will with-
stand degradation within the vibration environments tabulated belovr in
Exhibit III-2, 7

MODE SPECTRUM COMMENTS

Sinusoidal 5-48 Hz at .318 CM disp. 3 axis
48-165 Hz at 15 G peak
165-2000 Hz at 10 G peak

Sweep Rate 5-2000 Hz
1 octave/minute

Random 20-59 Hz at 0. 04g2/Hz 3 axis
59-126 Hz at 9.0 db/octave
126-700 Hz at 0. 40g2/Hz
700-900 Hz at - 18, 0db/octave
900-2000 Hz at 0. O9gZ/Hz

Exhibit III-2, VIBRATION TESTS PERFORMED ON 56-VOLT
POWER SUPPLY TO DEMONSTRATE QUALIFICATION

OBJECTIVES

Using the vibrational levels and modes from Exhibit II1-2 and the
analytical methods described below, the design of the power supply was

studied to determine if the vibration objective could be proved by analyses,

6 USAF: Environmental Test Methods. (Department of Defense,

USAF, Wright-Patterson AFB, Ohio, June 15, 1967), MIL-STD-810B,
Method 514,

T IBM Corp.: 56-Volt Power Supply Qualification Test Report.

(IBM Corp., Huntsville, Ala., June 30, 1966), No, 66-226-0015, Section
6. 3 and Section 6. 4.
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In this case, all parts of the 56-Volt Power Supply were purchased
from Qualified Parts Lists (QPL)., For this reason, the design was studied
from a total assembly viewpoint., Specifically the following design analyses
were accomplished:

o Determined amplification characteristics of the circuit

board to arrive at maximum vibration levels vs, frequency.
Compared this to piece parts qualification levels.

o Determined the rigidity of the housing components and evalu-

ated the effects of vibration on the various components.

o Evaluated the net effects of potting material inside the

power supply and determined that it dampens out any ampli-

fication at the frequencies of concern.

To accomplish these analyses basic data are required from develop-
ment test on hardware which is dynamically similar to the flight hardware
or from previously qualified hardware which is dynamically similar.

These analyses were cursory and incomplete from a complete
design viewpoint but they did show that analysis could verify the qualifi~
cation of the hardware to the specified environment.

For this reason, the vibration objective was re-allocated to the
analyses block of the re-defined hardware flow chart shown in Exhibit
III-1b.

The general approach used to conduct the above analyses is sum-
marized below. The first portion of this section presents an approach
demonstrating structural integrity of the assembly and the second portion
addresses the problem of parts vibration qualification. The described
general technical approaches were tailored for the qualification objectives

of this report.
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Structural Integrity

Dynamics and Loads: Visualize the power supply as the spring

mass system shown in Exhibit I11I-3,

A cowonsm\: e em e e —
|
| x [ 1 | RESPONSE OF PIECE PARTS
' 3 3 8
X INPUT TO COMPONENT
z | 1) 4% T ATTAcH poINTS
i

\ ATTACH POINTS

Exhibit III-3, DYNAMIC MODEL OF 56-VOLT POWER SUPPLY

The contents are considered qualified piece parts m,;, m,, m; corres-
ponding to the Choke L1, Choke L2, and transformers TZ’ ’I‘3 respectively
of the 56-Volt Power Supply assembly, The input random vibration
spectrum shown in Exhibit III-4 to which the assembly is to be qualified

is applied to the box attach points as shown in Exhibit III-3,

& 10
%
2
" E .0
[72)
i
5 0.1
57 __/
[+ 4
1
R
0.0‘ ’ Iy
10 100 1000 2000

FREQUENCY~~ HZ

Exhibit ITI-4, INPUT RANDOM VIBRATION SPECTRUM TO 56-VOLT
POWER SUPPLY (PLOTTED FROM EXHIBIT III-2)
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The effective mass of the flexible box is designated Mo' The effective

spring stiffnesses between the attach points and the piece parts m,, m

, »
and m, are designated kl' kZ’ and k3 respectively. : :

The basic information for determining both the structural integrity
and the vibration qualification level of the 56-Volt Power Supply, is ob-
tained from development test or similarity data., The test specimen
must be dynamically similar to the flight hardware and must be exten-
sively instrumented. The objective of the test is to determine the random
v m2 and m, due to
specified vibration input to the components (Mo) attach points, The response

vibration response characteristics of the parts m

characteristics normally determined from tests are expressed in the form
of a transfer function shown in Exhibit III-5, Since actual test data were
not available, Exhibit III-5 represents an assumed response used for

illustration of the analytical techniques presented.

100
T —
Q
=13
w a.
2|5 .
Q& 10
Q z
=
=
g
Z 1,0
5
2
0.1 s
10 100 1000 2000

FREQUENCY~HZ

Exhibit III-5, SAMPLE TRANSFER FUNCTION FOR RANDOM
VIBRATION

The transfer function is defined as the ratio between the response power
spectral density (PSD) of m), m, and m, parts and the PSD of the random
vibration qualification level input to the assembly (Mo)’ expressed as a

function of frequency, Knowing the transfer function and the qualification
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environment PSD, the response PSD environment, Exhibit III-6, of the

piece parts m

interest.

Exhibit

1’

m

REE is estimated for the entire frequency range of

Response PSD(f) = E'ansfer function, @x;_ir_;lput PSD (ﬂ
From Exhibit III-5

10

2
=3

PIECE PART (My)
POWER SPECTRAL DENSITY g</Hz
. o

0.01

PIECE PART
RESPQNSE

INPUT TO
COMPONENT

N

10 100
FREQUENCY~HZ

7000 2000

From Exhibit 11I-4

11I-6, EXAMPLE RESPONSE SPECTRUM RANDOM VIBRATION
FOR 56-VOLT POWER SUPPLY

For the sinusoidal vibration qualification requirements, the

measured acceleration transmissibility as a function of frequency is

used instead of the random vibration transfer function.

data pinpoint significant resonant frequencies.,

The sinusoidal

The random vibration

transfer function is more practical in computing structural loads due to

random environment,

In those cases where development test vibration is different from

the qualification environment, transfer functions are used rather than a

measurcd part response to a test input.

With the transfer function

Mg
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a new response level can be computed if the qualification and development
spectra are different or if the qualification spectrum is updated and
modified between the time the development test is conducted and the

time flight hardware is to be ''qualified,' Thus, by using transfer
functions,the tests need not be re-run even if the assembly qualification
requirement should be modified.

For this example, cross axis coupling has been ignored, but must
be considered when cross coupling is significant.

From the response PSD (or by direct test measurement as the
case may be), the overall rms vibration level Gzlr’ 3‘(21" ;231') on each
piece part mass is computed. Assuming a normally distributed random
function, the maximum 3 ¢ peak acceleration (3211)) in g's is estimated as
Szlp = 35511" The maximum load due to m; on m along the acceleration
axis is estimated using the m, (Choke L1) mass as , 0465 slug and its

peak acceleration X, is 67 g's.

lp

100 1bs.

1 = my (32.2) lep = . 0465(32,2)(67)

Likewise for the other masses, m, =, 093 slugs, m, = .186 slugs,

and §2p = 57 g's, ;E3p =29 g's.

i

= m, (32.2) x2p =, 093(32,2)(57) 170 1bs.

™o
1

w
!

= m, (32.2) x3p =,186(32.2)(29) = 174 lbs,

These peak loads, 11, 12 and 13 must be suitably applied to the
assembly (MO) container in order to perform a stress analysis on the

container. Frequency, amplitude, and phase differences between m,

through m,, preclude the likelihood of all three random load peaks
occurring simultaneously. The following load combinations (ignoring

sign) are assumed.

Case 1l Case 2 Case 3

1l 1/2 11 1/2 11
172 l2 1z 1/2 12

1/213 1/21 1

3 3
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The load cases are applied one at a time similar to that shown in
Exhibit III-7 and stress analysis is performed on the load carrying portions
of the structure in the normal manner. With these stress analyses the
structural integrity of the assembly can be determined by checking whether

the applied stress is less than the materials allowable stress.

; 1/2ly
lr 1/2[2 (87 1bs.)
(100 1bs.) (85 1bs. )

|y
Mo

Exhibit III-7. EXAMPLE APPLIED LOAD (CASE 1) TO IDEALIZED
MODEL COMPONENT BOX

There are numerous other load case combinations which might be applied.
In actual practice, load case selection could be aided by examining the
test data from dynamic characteristics peculiar to the hardware under

consideration.

Fatigue Life

In qualification by ana'ysis, the fatigue life of the assembly must
be estimated and compared to the intended application life., Fatigue life
is usually specified as the number of cycles, N, of complete stress
reversal (+s) to produce failure of a particular structure. The assembly
structure is considered qualified if the estimated fatigue life, N, is
greater than the required application life, NA’ Normally the classical
s-N fatigue curve is based upon the complete reversal of stress of the
same peak amplitude, 3, being applied each cycle until failure occurs
at N cycles, Many materials exhibit an endurance limit stress, S0
below which fatigue failure never occurs, i,e., N = o , The stress

environment implied by the basis of the s-N curve is more closely

T Lo—mree

WA T e oo
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approximated by sinusoidal vibration at discrete frequency than by random
vibration. In a sinusoidal dwell environment, both the frequency and

peak amplitude are constant, Under random loading, the peak amplitude
varies with each cycle according to some probability distribution.

The fatigue problem is one of estimating the required assembly
application life NA and the fatigue life N, The example problem is to
compute the fatigue life of the assembly structure when exposed to the
specified random vibration. The idealized model of Exhibit III-3 is used,
Assuming that the piece part m, is the primary load contributor to the
box structure, the model is treated as a single degree-of-freedom system.
Loads due to the other masses are negligible, Also, it is assumed that
the stress, 810 in a critical location in the assembly structure is pri-
marily tension and compression and can be expressed in terms of response
acceleration, X1 of mass m,, i.e,, 8) = f (xl). Thus, there is an endur-
ance limijt response acceleration, ﬁle and an rms response acceleration,

X .0 corresponding to the endurance limit stress, Sle’ and rms stress
level S1p respectively,

Knowing the equivalent enduranc‘f limit acceleration, Bile,
stress analysis and the rms response, Xipr computed as previously

from

discussed, the assembly fatigue life, N, can be estimated using

;; 6.5
(1) N = .;e x 3.33 x 107

1r Eq. 24.38

8

If the assembly with first resonance, fnl’ is to be subjected to the random
environment for time, TA’ the minimum required fatigue life, NA' is
approximated by:

Np =Tpafy

The first resonance, f ,, of m, is that determined from development tests
or similarity data, If N is greater than NA,(N) N,), the assembly satis-
fies the fatigue life qualification requirements, If N is less than N,
Np»(N < N,), the assembly fails.,

8 Harris, C.M. and Crede, C.E.: Shock and Vibration Handbook,

(McGraw-Hill, New York, N, Y., 1961) Equation 24, 38
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Equation (1) is the conservatively simplified result of a lengthy
analytical procedure. Its use is subject to restrictions resulting from
the assumptions and simplifications, Some of the restrictions include:

1)  Only applies to single degree-of-freedom (DOF) linearly
damped system.

2) Critical stress must be expressed as a function of response
acceleration.

3) Assumes random vibration excitation results in primarily
narrow band random loading of a single DOF system which
can be viewed as sinusoidal loading with varying amplitude.

4) Assumes probability density of peaks in narrow band random
vibration follows the Rayleigh distribution.

5) The concept of cumulative fatigue damage due to varying
stress amplitude is based upon the classical Miner's rule.

6) The average fatigue property of numerous materials is

included in equation (1),

In order to remove some of the conservatism, a miore detailed
and less restrictive analysis must be performed to determiune the fatigue
life of a particular assembly.

The fatigue life analytical procedure used for example deals with
random vibration, A similar procedure for sinusoidal vibration environ-
ment is available. Should qualification require survival of botli random and
sinusoidal vibration, then procedures for determining the combined effect
on fatigue life are also available.

Complex multi-degree-of-freedom structures are not often amen-
able to comprehensive detail fatigue analyses. Should a particular assembly
fall into this category, then fatigue test requirements should be included

in the development test plan.

Vibration Qualification

A method is presented for determining whether the pizce parts
response vibration level is within the qualification vil»ration level of the
part. The transfer functions determined from the development tests on
the dynamically similar model are used to compute (if not measured)

piece parts response PSD spectrum. The response PSD and the qualification

SRR TN
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PSD spectra are compared as shown in Exhibit III-8, a and b. The

piece part of Exhibit III-8a does not meet vibration qualification require-

ments; and that of Exhibit III-8b passes qualification requirements.

10
lP1ECE PART)
g RESPONSE
NN LEVEL A
g 1.0 i PIECE
i} PART
a QUAL
3 LEVEL
2 0.1
& // V
n
e
0.01 A
10 100 1000 2000
FREQUENCY~ HZ
(a) Example Vibration Qualification, Failure
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(b) Example Vibration Qualification, Pass

Exhibit III-8,

PIECE-PART RESPONSE SPECTRUM
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For purposes of this analysis and PSD comparison, the piece
part (m1 etc.) is agsumed to be a small rigid body. The response measured
on the part during development tests is assumed to be that of the part's
C.G. .nd also the part's attachment (input) point. Thus, it is valid to
compare the part's computed PSD response with the part's qualification
PSD spectrum.

It is agsumed that paic¢ vibration internal failure modes are fre-
quency sensitive, i,e., failures are caused by certain frequency excita-
tion, Further, it is assumed that the exact failure prone frequencies for
any particular qualified piece part are unknown, Thus, in comparing PSD
spectra, the response PSD value must not exceed the qualification PSD
values at all corresponding frequencies. This is judged to be conservative
criteria, but since the failure producing frequencies are not known, a
conservative approach must he followed, Conservatism is attributed to
the above criteria because in qualification testing of components, the
container box may attenuate its input at the higher frequency range where
piece parts may be failure prone. Thus piece parts may endure higher
vibration test inputs to the assembly if attenuation takes place at failure
sensitive frequencies,

A possible difficulty in comparing PSD levels is that, in actual
practice, it may be found that the response PSD level may often exceed
the qualification PSD level at some discrete frequencies as shown in
Exhibit III-8a, The conservative criteria of the analytical qualification
approach may indicate qualification rejection much more frequently than
the qualification test approach would,

Threaded fasteners and connectors may loosen under vibration.
Analytical evaluation of the self-locking ability of fasteners exposed to
vibration has not met much success. The designer must depend upon
using qualified and approved fastener parts and proper installation to
protect the subassembly against loosening under vibration. The selection
of the proper fastener for locking ability in vibration application can be
verified in development tests.

Other small mechanical items such as switches and relays are
also difficult to qualify by analysis. Those items must be selected by the
designer from approved qualified parts lists or must be qualified by tests,
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Vibration Summary

Methods have been presented to analytically determine the structural
integrity qualification of the agssembly and the vibration qualification level
of the piece parts. The methods depend upon response PSD spectrum data
from development tests of dynamically similar hardware in order to make

the pass/fail decision for vibration qualification of the hardware.

. e L )¢ r—
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ACCELERATION

The power supply must survive a 10-G acceleration in both direc-
tions in three mutually perpendicular axes to satisfactorily demonstrate
achievement of the acceleration qualification objective. 9 Acceleration
testing determines the effects of acceleration stress on component parts
and verifies the ability of the ccmponent parts to operate properly during
acceleration exposure.

Thé most likely failure modes under conditions of acceleration
include piece-part mountings and circuitry (short circuit or open cir-
cuit), These failures can occur through compression, tension, or
shearing of wires, mounting brackets, or mounting and hold-down
screws. To verify that acceleration could be demonstrated by analyses
a sample calculation was performed on the mounting of capacitor P/N
7901108. This is a capacitor per MIL-C-11015C, Capacitor, Fixed,
Ceramic Dielectric (General Purpose). It has a value of 0,01 fd., + 10%
at 1 KHz and 2 + 0.25 v RMS. Examination of MIL-C-11015C shows
that a terminal strength pull test of 5 pounds applied for not less than
5 seconds is required. The specification places no requirements on
the capacitor for mass characteristics, The lead wires are required
to be 0.64 mm (0.25 in.) diameter, corresponding to AWG No. 22.

It is next determined whether or not the capacitor is capable of
withstanding the 10 G acceleration environment. The capacitor weighs
0.5 ounces (. 031 1bs) and is supported solely by its leads. This is
slanted towards the worst case condition. Force exerted on the leads
by the capacitor in a 10 G acceleration is 10(. 031) = , 31 1bs, in any of
three axes, The capacitor leads are capable of standing 5 lbs. stress.
This is about 16 times the applied load and the capacitor is expected to
remain in place under 10 G accelera.ion. This approach may be applied
to most of the supported piece parts tc qualify by analyses for a particular

acceleration environment. Piece parts supported or installed in a more

9 IBM Corp.: 56-Volt Power Supply Qualification Test Report.
(IBM Corp., Huntsville, Ala,, June 30, 1966) No. 66-226-015, Section 6.5

1

0 DSA: Test Methods for Electronic and Electrical Component

Parts. (Defense Supply Agency, Alexandria, Va., September 12, 1963)
MIL-5TD-202C, Method 212,
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complex manner may require more detail analyses on acceleration tests
as part of the development tests.

The example analysis above is a worst case condition since in
the actual design, the capacitor is mounted on a printed circuit board
that is conformally coated and mounted in a potted enclosure. The effects
of potting and conformal coating minimize degradation due to the accelera-
tion environment,

Based on this example analysis of the assembly design, the accel-
eration objective could be demonstrated by analyses. For these reasons,

acceleration will be allocated to the analysis function in Exhibit III-1b,

THERMAL SHOCK

Thermal shock testing is conducted for the purpose of determining
the resistance of a part, component, or subsystem to exposure at extremes
of high and low temperatures, and to the shock of alternate exposures to
these extremes,

Permanent changes in operating characteristics and physical
damage produced during thermal shock result from variations in dimen-
sions and in other physical properties. Effects of thermal shock
include cracking and delamination of finishes, cracking and crazing of
embedding and encapsulating compounds, opening of thermal seals and
case seams, leakage of filling materials, and changes in electrical
characteristics due to mechanical displacement of rupture of con=
ductors or of insulating materials, 1

Materials respond quite differently under thermal shock conditions
from the response under ordinary thermal stresses at much slower
application rates, The problem is tc show how materials characteristics
may be employed to predict how well a given piece of hardware will
withstand the rigors of thermal shock.

The thermal shock requirements specified in the 56-Volt Power
Supply Qualification Test Specification (No. 7907207) are three cycles of
+85° C to -40°C with no more than a 5-minute delay in going from the

11 DSA: Test Methods for Electrical and Electronic Components,

1963, (Defense Supply Agency, Alexandria, Va., 1963) MIL-STD-202

o r—
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high to the low temperature and vice versa, The tests of the performance
of the power supply to these requirements are reported in IBM Document
66-226-~0015, "56-Volt Power Supply Qualification Test Report, "

The 56-Volt Power Supply was subjected to thermal shock as
followm12 The test unit was heat soaked at 85° C for four hours,
removed from the heat and within 5 minutes transferred to a chamber
of -40° C for four hours. This procedure was repeated three times.
After completion of the temperature cycling, the unit wag allowed to
stabilize for 2 hours at room ambient temperature and a voltage ripple
and regulation test were run, (As required in MIL-STD-220, Method
107B, an inspection was made for physical and electrical damage and
none was reported in the data sheets from the IBM test reports.)

In using an analytical approach to this same qualification problem, two
areas must be considered: The electrical/electronic characteristics

and the physical characteristics.

———

First, corrilvsider—s—‘t;—éﬁsse's in a mechénical assernbly such as a
housing found in the 56-Volt Power Supply. Under thermal shock
conditions the housing will be subject to deformation or to actual failure
of the metal. Utilizing the analytical techniques described by Manson, 13
it is possible to determine the relative thermal shock resistance of the
housing assembly,

The next category of problems to be considered is the elongation
or shrinkage or materials under the stresses of rapidly applied tempera-
ture extremes, For a restrained plate such as the cover plate on the
56-Volt Power Supply or a restrained bar such as may be found in other
types of structural members for hardware items, thermal stresses occur,

and serious problems can result.

12 54 _Volt Qualification Test Report, IBM No. 66-226-0015,
June 30, 1966, Huntsville, Ala,

13 Manson, S.S.: '"Behavior of Materials under Thermal Stress, ™

(NASA-MSFC, Huntsville, Ala., July, 1963) Tech Note TN2933
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The inelastic thermal stress for the restrained plate (after it is
bolied down to the case with cap screws) is shown in Exhibit III-9. The
ordinate, x/L refers to the ratio of distance into the plate to the total

thickness of the plate. For instance, on the top surface of the cover plate

x/L. =1, at the center x/L = 0.5 and through the plate on the bottom x/L =0,

Curves are presented for the elastic and inelastic cases and for creep

after 100 hours temperature exposure. The term W is defined as:

_k
w —/o C where
p
k = Thermal conductivity, BTU/ (hr)(ft)(°F)
/L =  Density, 1b/in>
C, = Specific heat, BTU/(lb)(°F)

Temperatures shown are in Fahrenheit and extend to 600° F,

NS L L
o8 ' 400 | Bastic
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Exhibit III-9. INELASTIC THERMAL STRESSES IN RESTRAINED PLATES
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Lateral motion between the container and cover plate due to thermal
expansion or contraction is considered unrestrained when mating surface
friction is small and screw hole clearance has not been exceeded. When the
plate expands or contracts to the point that the screw holes are moved
against the hold-down screws, it then becomes a restrained plate. Further
expansion or contraction will either deform (elongate) the holes or shear
the hold-down screws. Utilizing handbook data this problem can be analyzed

to determine if this will occur during operation.

For example, the cover plate, which is 6.0 inches long and 6.0
inches wide, the elongation may be computed for the temperature
extremes which the power supply is required to meet as stipulated by
the shock testing requirements. These calculations show that the final
length of the plate under expanded conditions is 6.0043 inches. From
this data it was determined that the hole clearance is sufficient.

Another area to be considered for the power supply is the potting
compound inside the unit, The potting compound ideally will have the

same coefficient of expansion, A' or A''' (coefficient of volumetric

expansion), as does the cage metal itself, so that under transient
conditions the compound will not create any undue stresses. Knowing

the time duration of the thermal shock test and working a heat transfer
problem as a function of time, it may readily be determined the degree

of thermal shock which the inside of the unit must undergo to exhibit a
given shock externally. Then, using the linear and volumetric expansion
equations and the stress equations, the movement of '""holes' in the

potting compound around wires (and other piece parts) may be determined;
then the amount of stress which the compound can apply may be deter-

mined.
All areas requiring thermal analysis are not covered, but it has

been demonstrated that analyses can be done and some approaches to

performing such an analysis have been presented,

Because of the above considerations thermal shock is allocated to

the analysis function as shown in Exhibit III-1b,
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PRESSURIZATION }

Pressgure testing is one of the simpler tests which must be
performed on the 56~Volt Power Supply. The objective is to assure that
the power supply will maintain an internal pressurization with dry nitrogen
at 25 psig and will leak no more than 0.5 psig in a 24-hour period.1
This test is a seal test which demonstrates the material properties for
the seal,

Conditions which must be met by the materials include tempera-

ture, pressure, vibration, moisture, foreign particles, and possibly

RFI. It must be shown analytically or by similarity that the materials
selected will function properly in these environments without deterioration
due to the environments or to the age of the materials. It must be shown
that the seal gland design and applied torques to the hold-down areas,

in the case of the power supply are not excessive and will not deform

the seal material.

The development testing phase can be used to demonstrate
adequacy of the seals. These tests must verify the analyses, gland
design, and closure techniques from a functional point of view. These 3
tests must be performed in hardware that is physically similar to
flight hardware but does not need to include the electronics,

The vendor manufacturing and acceptance testing phases of the
program can include a simple pressure test along with the normal accept-
ance testing activities to verify workmanship and quality control inspection
in the application of the seals.

The combination of analyses, development testing and integrating
a pressure test into other test phases can conclusively show achievement
of the pressurization qualification test objective,

The pressurization qualification objective will be re-allocated
to four blocks in the ""new'' hardware flow chart shown in Exhibit III- 1b,
These are (1) Analysis, (2) Development Testing, (3) Manufacturing
Testing, and (4) Acceptance Testing,

14 IBM Corp.: 56-Volt Power Supply Qualification Test Report,
(IBM Corp., Huntsville, Ala,, June 30, 1966) No, 66-266-0015, a
Appendix G.
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ALTITUDE

The test is required by the '"Qualification Test Specification,
56-Volt Power Supply, " specification No., 7907207, and may be performed
as reported in the 56-Volt Power Supply Qualification Test Report,

IBM No, 66-226-0015. Testing conditions require mounting the power
supply on a thermal conditioning plate maintained at a constant 69. 8° ¥
temperature and evacuating the test chamber to 300, 000 feet.

The purpose of this qualification objective is to demonstrate
that there is no flashover or arcir: between circuit components, no

dielectric breakdown, 15

no heat ;yvznsfer problems, no sealing problems,
no materials degradation, and i short ~ircuit problems. L

Since the power supply is . sealed uni? and will maintain an
internal pressure of approximately 10 psia, tue only problems associated
with this test are the sealing and heat transfer characteristics, The pack-
aging design of the 56-Volt Power Supply is similar to power supplies used
on previous space programs, For this reason, the altitude objective can
be demonstrated by similarity,

In addition, during pressure tests conducted during vendor manu-
facturing tests and receiving tests, the delta pressure can be increased to
sufficiently prove the ability of the seals to maintain positive pressure in
a vacuum environment, The altitude objective is re-allocated to the

analyses function of Exhibit III-1b.

THERMAL VACUUM

The objective of thermal vacuum qualification is to identify
dimensional changes and resultant damage, opening of seals, deteriora-
tion of potting compounds, outgassing and material degradation, dielectric
breakdown, arcing, short circuits, heat transfer problems, and overall

effects on the electrical functioning of the power supply.

15 DSA: Test Methods for Electronic and Electrical Component
Parts. (Defense Supply Agency, Alexandria, Va., September 1963)
MIL-STD-202C, Method 105C.

16 USAF: Environmental Test Methods. (Department of Defense,

USAF, Wright-Patferson AFB, Ohio, June 15, 1967), MIL-STD-310B,
Method 514,
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1

The design of the power supply was analyzed to determine if any

of the above areas were likely to cause problems. The results were: }

a,

Dimensional changes - This was discussed under thermal shock
and it was determined that a combined thermal-vacuum envir-

onment would have no detrimental effects.

Deterioration of potting compounds - As long as the seal
remains intact, the potting compound will not be subjected to
a vacuum environment. However, as an added measure of
assurance, the potting compound could be tested in a thermal

vacuum environment.

Outgassing and material degradation - The external materials

used in the power supply were previously qualified for a thermal

vacuum environment.

Dielectric Breakdown, arcing, short circuits - The design of

the power supply is a sealed, potted and pressurized unit,

This assures that the internal electrical circuits are not

subjected to a thermal vacuum environment. The pressure tests
conducted during development testing proves the integrity of 3 -
the seals to withstand the pressure differential anticipated when

subjected to the operational environment,

Heat Transfer - The combination of the thermal and altitude
analyses, coupled with similarity data from previously quali- ¢

fied hardware indicates that this will not be a problem,

For these reasons, thermal vacuum qualification is delegated to the
analyses function of Exhibit III-1b.
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ACOUSTICAL NOISE

Because of the destructive nature of high intensity noise, the

power supply must demonstrate its immunity to high intensity noise as

a qualification objective. The power supply as discussed here is required
to withstand noise up to 148 db and up to 8000 Hz. 17 The noise effects are
manifested as mechanical vibrations, The 56~Volt Power Supply is a high
density component with small surface area and is not expected to respond
significantly when directly expoaed to acoustic excitation, The power
supply is mounted on a structure which responds to acoustic environment
and the environment is transmitted to the power supply as mechanical
vibration., Thus, for this particular application, the 56-Volt Power Supply

is assumed qualified for acoustic environment if it is qualified for the

corresponding predicted mechanical vibration environment of Exhibit III-2,

HUMIDITY

The 56-Volt Power Supply must demonstrate an immunity to
humidity as one of the qualification objectives. Humidity testing is an
accelerated environmental test, accomplished by the continuous e xposure
of the power supply to high »elative humidity at an elevated temperature.
Hygroscopic materials are sensitive to moisture and deteriorate rapidly
under humid conditions, Absorpticn of moisture can result in swelling
and cracking with the further result of materials failure.

Humidity applied to the 56-Volt Power Supply will not penetrate
beyond the case seals around the cover and connectors. The humidity
problem for the power supply must be examined in terms of the seals
around external openings,

Demonstration of the humidity qualification objective can be
accomplished by analysis of the seal, Since the seal used is qualified

for this environment, this objective is allocated to the analyses function
of Exhibit III-1b.

17 IBM Corp.: 56-Volt Power Supply Qualification Test Report.

(IBM Corp., Huntsgville, Ala,, June 30, 1966) No. 66-266-0015,
Appendix J. Figure l.
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RFI

The 56-Volt Power Supply must meet MIL-I-618D for both conducted
and radiated interference. Failure to meet these requirements could
result in failure of the power supply. During exposure to the RFI envir -
onment, the power supply must meet all the requirements of IBM-SPEC-
7907207, Qualification Test Specification,

The design of the power supply was studied to determine the best
approach to demonstrate compliance with the RFI objective. It was deter-
mined that similarity data could not be used except for filter character-
istics and shielding and bonding techniques, Based on previous experience,
it is believed that some uncertainties concerning RFI characteristics
could be resolved by a limited amount of development testing of circuitry
and subassemblies. These could verify degree of susceptibility to tran-
sits and verify that superfluous noise was not being generated. Based on
other tests planned in subsequent test phases, RFI characteristics could
be further demonstrated during the IU integration tests conducted at IBM,
These activities were actually conducted on the IU]‘8 and resulted in no
significant increase in the amount of testing required.

Considering the above discussion, the RFI objective is allocated

to the analyses, development test, and vehicle level test phases of
Exhibit III-1b.

18 |1BM Corp.: Summary, IU General Test Plan. (IBM Corp. ,

Huntsville, Ala,, 1964) No. 64-208-0007H, Section 4,3
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SUMMARY OF 56-VOLT POWER SUPPLY

As a result of this study this item of hardware could be qualified
without formal qualification tests. Baced on the analyses and assessments
of the design that were conducted during this study, each qualification
test objective could be met by some means other than hy formal tests,

To validate these findings, the actual qualification tests resu.lt:sl9 on the
power supply were reviewed to determine if any failures or nroblems
were encountered that would not have been detected if the power supply
was qualified in the manner described herein. Exhibit I1I-10 delineates
the actual "requirements' and '"description of deviations'' presented in

the test reports in addition to the author's comments,

19 56-Volt Power Supply Qualification Test Report. IBM No.

66-226-0015, dated June 30, 1966.
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2. PRIMARY COOLANT PUMP

Exhibit III-11a presents the test flow sequence for the Instrument
Unit Primary Coolant Pump, Part No, 20Z42001. The development testing
phase of the pump encompasses testing assuring the pump will perform to
requirements specified in the specification, 20242001, which defines
qualification objectives. The requirements are tailored to the require-
ments of 20242212, "Requirements, IU Environmental Control System,
Specification For."

The qualification tests are specified in the test plan. 20 The ven-
dors' post-manufacturing tests are specified in the Hydro-Aire test
procedure TP 60-6578B. 2 Upon demonstrating satisfactory performance
in the tests shown in the flow chart, Exhibit III-1la, the pump is cleaned
and installed in the Instrument Unit Environmental Cooling System.
During the IU manufacturing process, the ECS is subjected to subsystem
checkout to verify hardware compatibility and operability. az During
this phase of subsystem testing, the pump is leak checked, functionally
operated, and monitored for RFI.

Following the IU manufacturing tests the vehicle level tests are
conducted to mate the IU to the rest of the vehicle. These tests are simi-
lar to the IU manufacturing tests in that they leak check, functionally
check, and monitor for RFI on the total systems level. These tests are
required by the IU test plan, S.ction 7, referenced below. A survey of
the Flight Data Review reports for the past 14 Apollo missions reveals no

malfunctioning of the Primary Coolant Pump in the IU on any flight. 23

20 IBM Corp.: Coolant Pump Assembly, Instrument Unit, Qualifi-

cation Test Specification, (IBM Corp., Huntsville, Ala.,, Oct. 14, 1966)
7907994, Sec. 3.8.

21 Clark, R.: Test Procedure TP 60-657B (Hydro-Aire Dev, of
Crane, Co., Burbank, Calif,, July 12, 19%7)

22 I1BM Corp.: General Test Plan, Rev., A, (IBM Corp., Huntsville,
Ala., Jan, 1967) 67-2 57-0001, Sec. 6 and Fig., 6-9.

3 Teasley, R. B., Personal Interview and Flight Data Reports
Survey, Apollo 1 thru Apollo 15, NASA-MSFC, S&E-CSE-1, Jan, 14,
1972 (1.5 Hrs. )

N
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Exhibit III-11b shows the hardware processing defined in this
study.,

Accomplishment of the qualification test objective for the primary
coolant pump by means other than formal qualification tests are discussed

below.

SHOCK

The objective of shock is to demonstrate structural integrity and
satisfactory performance in the service use, transportation and handling
environment. 24 The shock requirement is for the pump to successfully
survive three 20-G peak shocks for 10 milliseconds in each of three
mutually perpendicular axes in each direction. This demonstrates seal
and seal gland integrity through non-deformation of the materials in the
housing; the resistance of the motor shaft to bending which could cause
misalignment of the impeller; the ability of the impeller itself to with-
stand the shock stress without fracture or deformation; and the integrity
of the electrical portions of the pump. The primary qualifications that
must be met in the motor are positive brush contact, non-deformation of
the windings, and no damage to the insulation.

Shock is related to the transient motion caused by suddenly-applie-
forces or by abrupt changes of direction. It is possible to identify the
natural periods of the piece parts by analysis, then to apply the 20-G
forces for the 10 millisecond period, and estimate the acceleration
responses, loads, deformation, and stresses that may result.

The design of the coolant pump was studied to determine if ana-

lytical techniques could demonstrate the qualification test objective.

To demonstrate this objective analytically the following must be considered.

o Seal and seal gl.nd integrity through non-deformation of the
materials in the housing.
o Resistance of the motor shaft to bending which could cause

misalignment of the impeller.

24 USAF: Environmental Test Methods (Department of Defense,
USAF, Wright-Pectterson AFB, Ohio, June 15, 1967), MIL-STD-810B,
Method 516.
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o  Ability of the impeller to withstand the shock stresses without
fracture or deformation.

o Integrity electrical portions of the pump such as positive
brush contact, non-deformation of the windings, and no

insulation damage.

Analytical techniques are available to adequately demonstrate these
requirements. In accordance with these considerations, the shock qualifi-

cation test objective is allocated to the analysis function of Exhibit III-1ih.

VIBRATION

The objective of vibration analysis is to determine whether the
pump is constructed to withstand expected dynamic vibration stresses and
that performance degradations or malfunctions will not be produced by
the vibration environment. 25 Effects of vibration include loosening
or relative motion of parts, wear, physical distortion, fatigue and
failure. 2 The vibrational objectives for qualification of the pump are
specified in the qualification test specification. 2 These objectives are

shown in Exhibit III-12,

Mode Spectrum Comment

Sinusoidal 5-20 Hz @0, 10 D. A. disp. 3-axis
20-50 Hz @ 2-g peak

50-85 Hz @0.016 in D. A, disp.
85-2000 Hz @6.0-g peak
Random 20-120 Hz @ 3db/octave 3 -axis
‘ 120-500 Hz @ 0.03 g /Hz
500-600 Hz @ -12 db/octave
600-2000 Hz @ 0,01 g2/Hz

Exhibit I1II-12, VIBRATION TEST OBJECTIVES FOR
PRIMARY COOLANT PUMP

25 USAF: Environmental Test Methods, (Department of Defense,

USAF, Wright-Patterson AFB, Ohio, June 15, 1967), MIL-STD.810B,
Method 514,

26 DSA: Test Methods for Electronic and Electrical Component

Parts, (Defense Supply Agency, Alexandria, Va., Sept. 12, 1963)
MIL-STD-202C, Method 201A,

27

IBM Corp.: Coolant Pump Assembly, Instrument Unit Qualification

Test Specificat.on, (IBM Corp., Huntsville, Ala., Oct. 14, 1966) 7907994,
Section 3.8
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The design of the pump was assessed to determine the best way
to prove that each of the detrimental effects will not occur. The results
of these assessments are:

a. Loosening or Relative Motion of Parts

The only positive manner to verify that this will not occur
is to perform vibration testing on a dynamically identical
model. These tests could be conducted during development
testing without the use of a flight-identical test unit.

b. Physical Distortion

Since this is a characteristic of the material used and assem-
bly techniques it was determined that this could be resolved
by use of qualified materials and comparison to previously
qualified hardware.

c. Fatigue znd Failure

The analysis technique described in Section III-2 could be
used on this item in conjunction with data acquireca during
development testing. In addition, comparison to previously

qualified hardware could be used.

For these reasons, the vibration qualification objective is allocated

to the analysis and development test functions of Exhibit III-1lb.

ACCELERATION

The acceleration requiremert for the Coolant Pump specifies
that the pump demonstrate only in the ~Z direction a capability to survive
a linear 10-G acceleration,

The objective of the acceleration qu 'fication requirement for the
pump is to demonstrate structural soundness and satisfactory perform-

ance in an environment of steady state acceleration other than gravity.

28 USAF: Environmental Test Methods (Department of Defense,

USAF, Wright-Patterson A¥FB, Ohio, June 15, 1967), MIL-STD-810B,
Method 513-1I,

29 IBM Corp.: Coolant Pump Agsembly, Instrument Unit Qualifi-
cation Test Specification, (IBM Corp,, Huntsville, Ala., Oct. 4, 1966)
7907994, Section 3. 8. 8.
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The pump must not undergo any deformations in the materials or piece-
parts that could affect its normal operation., The primary factor that
the qualification objective determines by requiring acceleration in the
-Z direction only is that the pump motor will continue to function.

The failure modes for the pump motor under these conditions are (1) the
end retaining bearing for the armature would have to yield to compression
and cause the armature brushes to lose contact or to make a faulty
contact causing excessive arcing and loss of RPM; or (2) the impeller
blade would have to bind against the housing due to deformation or
rearward movement of the armature, The possibility of cavitation and
the resultant loss of flow must also be considered,

To demonstrate this objective by analyses, it is necessary to
determine the forces in the -Z direction which are exerted on the pump
and to examine the compressability of the materials in the housing and
bearings and seals to show analytically that the pump will function as
designed., Analytical techniques are available to accomplish this,

Under these conditions this objective can be demonstrated by

analyses and is allocated to that function in Exhibit III-11b,

THERMAL VACUUM

Thermal vacuum is required by the qualification specification,
IBM-SPEC-7907994, Sect. 3.8.9. The objective of the thermal vacuum
requirement is to assure that no seal failures, no materials deformation
and no heat transfer problems occur at ambient (58°F, ZSOF, and
10001?‘) for the service media (water methanol) at a 7800 1b/hour minimum

flow rate and ambient pressures of 5 x 10”5 to 5 x 10'4 mm Hg for 12

hours,

Due to the similarity of design in the areas affected by thermal
vacuum environment, it is felt that comparisons could be made of the
material, ceals, thermal characteristic, and functional capability to
demonstrate this objective by analyses., For this reason, this objective

is allocated to the analysis function of Exhibit III-11b,
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RFI

The requirements of MIL-I-6181 define the RFI qualification 7
objective for the Primary Coolant Pump. A pump such as this is
relatively immune to most levels of RFI which might be experienced in
the IU. However, the effects it could have on other hardware items,
particularly from the conducted RFI caused by arcing brushes, could
be very significant,

As previously discussed RFI cannot be analyzed to the degree
required to verify compliance to requirements, For this reason the
RFI objective is allocated to the Analysis, Development Test, and
System Level Tests phases of the test program as shown in Exhibit III-11b.

The Bunker~-Ramo reportSOdescribes an RFI problem that
became evident during the development testing phase of this pump.

Per the discrepancy report™ no corrective action32 was taken
and the pump failed the qualification test for RFI. This failure illus-
trates that qualification test objectives can be satisfied during develop-

ment testing if proper follow-up action is implemented.

BURST PRESSURE 2

The Burst Pressure Qualification Objective is defined in the
qualification test specification, IBM-SPEC-7907994, The requirement
states that the pump will withstand 180 pusig for 3 minutes without damage.

The purpose is to determine the integrity of the housing materials
and the seals used in the pump, The design of the pump was assessed
and it was determined that this objective could be adequately demonstrated
by stress analysis and comparison to previously qualified hardware.

The burst pressure qualification objective is placed under the

analysis and development testing categories in Exhibit III-11b,

0 Bunker~-Ramo:_ Report ENV-R-222]1, (Bunker-Ramo Corp.,
Jan, 1969, Canoga Park, Calif,) Section 2.5.1

31 Hydro-Aire: "RFI Discrepancy Report No. 528" QR-60-657B,
Burbank, Calif., Hydro-Aire Division, Crane Co.,, Oct., 18, 1967

32 IBM Corp.: Coolant Pump 7914878-1 Qual, Test Report, (IEM i
Corp., Huntsville, Ala,, 3 Dec. 1969) 69-K84-0004, Vol. I, Sect. 9.5.1.

e e o oo Tt i e
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SALT FOG

The objective of the Salt Fog demonstration is to confirm that
the pump will not pe corroded due to the salt environment. 33 The
corrosion problerm must be considered carefully and a finish or coating
must be applied which will protect the pump against salt, This qualifi~
cation objective can be satisfied by demonstrating analytically, through
handbook data or through similarity data, that the pump is immune to
corrosion damage by salt, This qualification objective is allocated to

the analysis function of Exhibit III-11b,

THERMAL SHOCK

Thermal Shock Analysis is conducted to determine the effects on
equipment of sudden changes in temperature of the surrounding atmosphere.
Cracking or rupture of materials due to sudden dimensional changes by
expansion or contraction are primary considerations of the thermal shock
analysis. >4 The thermal shock objectives for qualification are given in
the qualification test specification, IBM-SPEC-7907994. The requirement
is that the pump meet the requirements in MIL-STD-810.

The design of the pump was assessed and it was determined that
this objective could be demonstrated by comparison to previously
qualified hardware. The major areas cf concern are rupture, electrical
opens and shorts, and deformation that could cause mechanical inter-
ference. It was concluded that this pump was similar enough t. previous
designs to allow use of the similarity technique. Therefore, the thermal
shock qualification objective is allocated to the analysis and development
testing function of Exhibit III-11b.

33 USAF: Environmental Test Methods, (Department of Defense,

USAF, Wright-Patterson AFB, Chio, June 15, 1967) MIL-STD-810B,
Method 509.1.

3

4 Op. cit., Method 503, 1.
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HUMIDITY

The qualification objective of humidity is imposed on the pump
through the qualification test specification, IBM-SPEC-7907994 and
stipulates Method 507.1 of MIL-STD-810. Humidity is an accelerated
environmental test, accomplished by continuous exposure to high relative
humidity at an elevated temperature, These conditions impose vapor
pressure on the pump, causing migration of moisture through zuy
improperly mated or sealed surfaces.

The humidity testing objectives are to evaluate the properties of
materials as they are influenced by the absorption and diffusion of

moisture and moisture vapor.

Some of the combined effects of temperature and humidity are:35

o High Temperature and Humidity - High temperature tends

to increase the rate of moisture penetration, The general

deterioration effects of humidity are increased by high

temperatures.
o) Low Temperature and Humidity - Humidity decreases with
temperature, but low temperature induces moisture condensa- B

tion, and, if the temperature is low enough induces formation

of frost and ice,

o Low Pressure and Humidity - Humidity increases the effects

of low pressure, particularly in relation to electronic or
electrical equipment. However, the actual effectiveness of

this combination is determined largely by the temperature.

The effects of moisture on the pump may include corrosion,
hygroscopic action and resualtant swelling and rupturing, and shor:
circuits in the electronics, The seal is capable of shutting out the

moisture and preventing internal damage.

35 Theiss, et al: Handbook of Environmental Engineering
(McGraw-FHill, New York, N, Y., 1961) 5ection 3-48

4
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The design of the pump was assessed to determine if this objec~
tive could be accomplished by analytical or similarity techniques, It
wasg concluded that analytical techniques could prove that the pump
materials are corrosion resistant to moisture and that any hygroscopic
materials are adequately protected by moisture-~reiistant coating.

In consonance with the above discussion, the humidity qualifica-

tion objective is allocated to the analysis function of Ex.:ibit III-11b,

SAND AND DUST

One of the most devastating environments for moving parts like

the motor-driven pump is sand and dust, Therefore, one of the qualifi-
cation ubjectives that must be demonstrated for the pump is its ability
to successfully resist penetration at any point by sand and dust. Sand
and dust can act as abrasives and could rapidly erode the bearings in
the motor, causing pump failure, Sand can penetrate under the motor
brusheg, causing excessive arcing at the brushes, This arcing can lead
to intermittent, erratic, and inefficient operation, and ultimately can
cause motor failure.

To meet the qualification objective imposed on the pump by the
qualification test specification, IBM-SPEC-7907994, Section 3. 8.3, the
requirements of MIL~STD-810, Method 510.1 must be demounstrated. The
sand and dust problem as discussed above, is primarily one of adequate
seals.

The design of the pump was assessed and it was determined that
this objective could be accomplished by use of qualified seals and com-~
parison to previously qualified hardware. For this reason, the sand and

dust qualification objective was allocated to the analysis function of
Exhibit III-11b.
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FUNGUS

The qualification objective for the pump is to pass the test speci-
fied in MIL-STD-810B, Method 508.1, Proce.'ure I,

The effects of fungus on the pump can impair ite e™icient opera-
tion, or, in the extreme case, can cause pump failure, Fungus will
manifest itself in many ways, dependir.g on the conditicns pres=at. 36
These conditions are primarily high humidity, water atmosphere, and
presence of inorganic salts, 37 Because of the possible detrimental effects
of the fungus the pump is required to demonstrate as a qualification
objective an imraunity to fungus growth,

The areas of the pump which are most likely to be attacked vy
fungus include the sea®s, the wiring insulation, the solder joints, and
the housing and irnpeller materials. The effects of fungus and fungu=
erosion on electrical connections may create open circuits due to croded
solder joints or weakened connections which cannot vithstand the dssign
point vibration or the shock environment. The effects of furgus on the
housing and impeller paris may be to weaken the parts enough over -
sufficiently lowy period of time, as in dormant storage, so that rougi.
surfaces may even lead to clogging or to markedly slowing the pump
operating speed.

The design of the pump was assessed to determine if this objective
could be accomplished by analyses and comparison to previously qualified
hardware. It was concluded that handbouk data could verify the adequacy
of coatings, imnregnations, finis%zs and fungicides, Therefore, the

fungus objective is allocated to thie analysis function of Exhibit III-1lb,

36 Theiss, et al: Handbook of Environmental Engineering.
(McGraw-Hill, N.Y., N,Y., 19bl), pp. 5-49 to 5-55,

37 USAF: Environmental Test Methods ., (Department of Defense,
USAF, Wright-Patterson AFB, Ohio, Jun~ 15, 1967), MiL-STI[:-8108,
Method 508, Section 1.
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SERVICE LIFE

The objective of the service life test on the pump is to demon-
strate the durability of the bearings in the motor and the capability of
the motor to perform at rated load for a minimum of 500 hours. The
service life test requirements are given in the qualification specification,
IBM-SPEC-7907994, Section 3. 8.1l1.

The pump design was assessed to determine the best technique to
meet this objective. Even though analytical techniques and comparison to
previously qualified hardware could be used toward this goal, it was con-
cluded that actual tests must be conducted on c:itical portions of the
pump. It is not necessary to have a complete flight identical assembly
to prove the service life of the critical elements of the pump. Based on
these conclusions, the service life objective is allocated to the analys.-

and development test functions of Exhibit III-11b.

SUMMARY OF THE PRIMARY COOLANT PUMP

The coolant pump could be qualified without formal qualification
tests. To validate this finding the actual qualification test results38
on the coolant pump were reviewed to cetermine if any failures or prob-
lems were encountered that would not have been detected if the coolant
pump were qualified in the manner described herein, Exhibit III-13

presents the results of this review,

38 Coolant Pump Qualification Test Report, IBM Document
No., 69-K84-0004, dated December 3, 1969,

¥l
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3. TRANSPONDER

The actual test flow sequence for the transponder is shown in
Exhibit III-14a. This covers all testing from development testing through
flight testing., Development testing, shown in Exhibit III-14a, includes
all of the engineering modeling and testing, and materials compatibility
testing and evaluation required to prove an operable and producable
transponder which wiil meet the design specification. 39 The next block
shows the qualification testing performed on the transponder. In-process
testing (Manufacturing, Exhibit III-14a) is performed on the sub-assembly
level throughout the nmanufacturing process. The objective of this testing
is to assure that the hardware is within specification limits such that it
will meet the acceptance test requirements4o before delivery to the next
point in the cycle (i.e., subcontractor to contractor). The objective of
the acceptance test is to assure the receiving organization that it is
accepting a quality product per specification No. 7907826 (IBM), The
Instrument Unit manufacturing tests shown in Exhibit III-14a, are conducted
when the transponder is installed in the IU. The transponder is subjected
to a full functional test immediately prior to the time it is installed in the
IU subsystem, 41 After installation, the transponder receives a full
operational test42 to verify operability and subsystem compatibility.

RFI is also monitored during these tests. The next block in Exhibit 1II-14a

39 IBM Corp.: Transponder, '"C" Band, Radar, Specification For
No., 60091332, (IBM, Huntsville, Alabama, Dec. 13, 1967)

40 IBM Corp.: C-Band Radar Transponder SST-136C, Acceptance

Test Specification ¥For. (IBM Corp., Huntsville, Ala., Dec. 13, 1966)

41 IBM Corp.: Instrument Unit General Test Plan, (IBM, Huntsville,

Ala., 1964), No., 64-208-007H, Sec. 4.2.4,

42 IBM Corp.: General Test Plan, Rev. A, (IBM, Huntsville, Ala.,
23 Jan. 1967) No. IBM 57-257-0001, Sec, &, Fig. 6.9, Block 28-29.
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shows the vehicle level tests43 run on the transponder after the IU has 3
been mated to the balance of the launch vehicle. These tests verify total '
systems compatibility and monitor for RFI problems that might occur.
The last block shown in Exhibit III-14a is the flight test portion in which
the transponder actually flies the intended mission. A survey of the
Flight Reports for the vehicle reveals no in-flight failures of the trans-
ponder have occurred to date.
Exhibit III-14b shows the new hardware processing flow proposed
as a result of this study. The ""qualification test' block no longer appears;
instead, the analysis function is expanded to ''qualification by analysis"
effort,
Each qualification test objective refe]c'enced[]:4 will be examined
for placement unuer analysis, development testing, or one of the other
applicable functions shown in Exhibit III-14b. Since there are similarities
between the qualification test objectives for the transponder and the
power supply discussed previously, reference will be made to the appli-

cable section when appropriate.

HUMIDITY

The transponder is required by the qualification specification,
IBM-SPEC-7907526, to demounstrate an immunity to high humidity at
elevated temperatures. Humidity imposes a pressure on the housing seals
that can cause water vapor to penetrate the housing and seep into the
electronic parts, as was previously discussed for the 56-Volt Power
Supply. For the same reasons discussed in Section IIl-1 this function

will be allocated to the analysis function of Exhibit III-14b.

43 IBM Corp.: Saturn V, S-IU-504 and Subs. Test and Checkout ‘
Requirements Specifications and Criteria for Use at KSC. (IBM Corp.,
Huntsville, Ala., Jan. 21, 1969) No., 7916404, Sec. 3.2.4.2.

44 IBM Corp.: Qual Test Specification, C~-Band Radar Transponder, é
(IBM Corp., Huntsville, Ala,, May 21, 1968), No., 7907526, Sec. 3. 7. !
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THERMAL SHOCK

The transponder must demonstrate an immunity to thermal shock
as required by the Qualification Specification, IBM-SPEC-7907526. The
requirements for adequate demonstration of irnmunity are given by
MIL-STD-810, Method 503.1, Procedure 1. The objective of thermal
shock testing is to demonstrate the resistance of parts or materials to
alternate exposure to extremes of high and low temperatures. The temp-
erature levels required for qualifying the transponder are +85°% G to
-40° C.

The de-.gn of the transponder was assessed and it was determined
that this objective could be fulfilled by analyses and similarity to prev-
iously qualified hardware as discussed in Section III-1, The thermal

shock objective is allocated to the analysis function of Exhibit III-14b,

VIBRATION

The vibration levels and frequencies required for transponder
qualification are identical to those required for qualification of the 56~
Volt Power Supply discussed previously in this section, Requirements
the transponder must meet to achieve a vibrational qualification objective
are given in IBM-SPEC-7907526,

The design of the transponder was assessed and it was determined
that the same techniques described for the 56-Volt Power Supply (refer-
ence Section III-1) could be applied. The vibration objective is allocated
to the analysis and development test functions of Exhibit III-14b.

ACQUSTICAL NOISE

Acoustical noise is one of the qualification objectives imposed
by the Qualification Test Specification, IBM-SPEC-7907526, Section 3,7, 4.

The design of the transponder was assessed and it was determined
that the technique described for the power supply could be used. This
objective is allocated to the analysis function of Exhibit III-14b,
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ACCELERATION

The transponder must exhibit an immunity to the stresses of a
10-G acceleration45 along three mutually perpendicular axes in both
directions to satisfy the qualification objective. The purpose of accel-
eration qualification is to determine the effects of the acceleration
stress on component parts and to verify the ability of the component
parts to function in an acceleration environment.46 (See also the dis-
cussion for the 56-Volt Power Supply analysis; it is directly applicable to
the transponder.)

Because achievement of the acceleration qualification objective
may be demonstrated by analysis and similarity techniques, it is shown
in the analysis function in Exhibit III-14b.

THERMAL VACUUM

It must be demonstrated analytically or by similarity that no
structural deformations which could cause seal leakage, electrical
problems, or which could compromise general structural integrity will
occur due to thermal conditions., Possible detrimental thermal effects
might include warpage of the transponder cover plate, causing pulling
on the screw holes great enough to tear the metal; or the plate might
warp upward and rupture the seal,

An additional analytical consideration is that there is a parallel
between the thermal vacuum and the altitude qualification objectives in
that ea.ch47 requires demonstrated immunity from dielectric breakdown;
from materials degradation, such as outgassing; from sealing problems;
and from heat transfer problems. Specification IBM-SPEC-7907526,

Section 3, 7.6, requires demonstrating only the fulfillment of the thermal
vacuum requirements,

45 1BMm Corp.: Qualification Test Specification, C-Band Radar

Transponder, (IB!® Corp., Huntsville, Alabama, May 2, 1968), 7907526,
Section 3, 7. 5.

46

DSA: Test Methods for Electronic and Electrical Component

Parts, (Defense Supply Agency, Alexandria, Va,, Sept. 12, 1963) MIL-STD-

202C, Method 212,

47 DSA: Test Method for Electronic and Electrical Component

e,

=

202C, Method 105C.

Partg, (Defense Supply Agency, Alexandria, Va., Sept, 12, 1963) MIL-STD-

U
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The 56-Volt Power Supply discussions on '"Altitude' and "Thermal
Vacuum'' are applicable to this item.

Since analytical and similarity techniques may be used to achieve
the thermal qualification objective, it is allocated to the analysis function
of Exhibit I1I-14b.

RFI1

The discussion of the RFI qualification objective given for the
56 -Volt Power Supply is directly applicable to the transponder.

The RFI qualification objective is imposed on the transponder by
the qualification specification IBM-SPEC-7907526, Section 3,7.7. The
requirements are further specified in Specification MIL-I-6181,

To demonstrate achievement of the qualification objective, devel-
opment tests on engineering models to determine the effectiveness of
the design must be performed. In addition, RFI must be monitored during
subsequent test phases to assure that the transponder performs satis-
factorily in the operating environment. After the IU is mated to the
vehicle, the transponder is monitored for RFI problems and prior to launch

is again subjected to a functional test. 48

When the transponder has success-
fully passed the tests outlined and the necessary analyses support RF com-
patibility the transponder can be considered RFI-qualified. The RFI
objective is allocated to the analysis, development testing, 1U manufac-

turing, and IU/vehicle checkout functions in Exhibit III-14b.

PRESSURIZATION

The transponder must maintain a leak rate of not greater than
0.5 psi in one hour from an initial pressurization of 30 psi. 49 This is
primarily a seal test to determine the transponder's capability to retain
a dry nitrogen purge for long periods of time at 5 psig.

48 IBM Corp.: Test and Checkout Requirements Specifications
and Criteria for Use at KSC. (IBM Corp., Huntsville, Ala., Jan. 1969),
7916404, Section 3.2.4,2.

4 _
9IBM Corp,: Transponder, C-Band, Radar, Specification For,
£1B5M4C?:)r?})., Huntsville, Ala., Dec, 13, 1967), 6009132, Section
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The effect of a leaky seal would be to allow the transponder to }
lose its purge. This would allow penetration of water vapor and dust
into the unit, possibly bringing about a myriad of undesirable effects.

The purpose of the pressurization qualification objective is to
establish a reasonable degree of certainty that the transponder seals will
remain intact after closure. Attainment of this objective may be demon-
strated by analysis, by use of similarity techniques and by development
testing on seal closures for a specific closure requiring testing.

It was determined from an assessment of the design that the con-
figuration of the housing and the case could be qualified by utilization of
analytical techniques and pressure tests that can be integrated into the
Vendor Manufacturing Tests and the Receiving Inspections.

For these reasons, this objective is allocated to the analysis and
other test phases as shown in Exhibit III-14b,

SUMMARY OF TRANSPONDER

The assessment of the transponder revealed that it could be
qualified in a manner similar to the power supply without formal quali- ) -
fication tests. The qualification test report on the transponder could not

be acquired to compare this assessment to the actual test data,
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4, HYDRAULIC ACTUATOR

The hardware flow process for the test functions of the hydraulic

actuator is shown in Exhibit IIl-15a, The flow begins at the development
testing phase and progresses through a sequence very similar to the
sequences followed by the other three pieces of hardware examined in
this study.

After undergoing the acceptance testing outlined in the Qualification
Test Report 5Oa.nd in the general test plan51 the actuator is installed on
the vehicle, Systems testing is then perforred both on a subsystems

and on an all-up systems level, 52

From the svstems test the haraware
flow chart progresses to "Flight Test." The Flight Analysis Reports53
for the last fifteen flights show that no in-flight failures have occurred
on this item,

The hardware flow processing recommended by this study is
shown in Exhibit III«15b. Each qualification objective is discussed
briefly and the easons for its re-allocation as shown in the recommended

hardware flow given,

50Doug1a.s: Qualificaticn Tests of the Hydraulic Actuator
Assemblies, Douglas SCN 1A66248-503 and -505. (Douglas Aircraft
Co., Santa Monica, Calif,, August1966), Report No, SM-4(580, p. 8.

51

Douglas: General Test Plan, Saturn S-IVB System (Douglas

Aircraft Co., Santa Monica, Calif., 1 Dec. 1967) Report No, SM-41412, p.97

52pouglas: Hydraulic Subsystem - S-IB- L (Douglas Aircraft
Co., Santa Monica, Calif., Feb. 10, 1966), Specification No, 1B59485,
Section 1.

53Teasley, R, B,, Personal Interview and Flight Data Reports
Survey at NASA - S E-CSE-L (1.5 hours)
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TEMPERATURE

The qualification objective for the temperature requirement is
to determ ae no thermal expansion which could cause a malfunction
in the actuator. This requirement is imposed on the actuator by the
s pecification, 1A66248, Section 3.10.2. The failures which the
requirement is intended to detect include expansion of the piston to a
degree that might bind or close the piston-housing clearance, making
the piston difficultto operate; and expansion of the valve operating parts
to the point that binding or leakage and external or internal seal
deformation could occur.

The effects of expansion include leakage of hydraulic fluid inter-
nally and externally, slow response, excessive actuation current, and
actuator failure. These effects can be predicted utilizing rmaterials
and heat transfer analyses.

The design of the actuator was assessed to determine if this
objective could be fulfilled by analytical techniques. It was concluded
that development testing would be required to verify many of the
functions and items of hardware.

This objective is allocated to the analysis and development test
functions of Exhibit III-15b.

VIBRATION

The purpose of the vibrational objective54 is to assure that the
actuator is constructed to withstand dynamic vibrational stresses and
that performance degradations or malfunctions will not occur while the
actuator is operating in the intended environment. Some of the effects
o f vibration include loosening or relative motion of piece parts, wear,

physical distortion, fatigue and failure. The qualification test report

54USAF; Environmental Test Methods ( Department of Defense,
USAF, Wright-Patterson AFB, Ohio, June 15, 1967), MIL-STD-810B,
Method 514.
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written by Douglas on this hydraulic actuator reflects two vibrational-
operational tests, 55 one at ambient temperature and one at +Z750F,
While not required by Douglas Spec. 1A66248, the tests were performed
to determine whether the actuator would work in high temperatures as
well as in ambient temperatures in the vibration environment specified.
The high temperature vibrational operation is closer to the actual
operating conditions of the actuator than is ambient temperature vibrational
operation. The vibration portion of the discussion on the IU ECS Primary
Coolant Pump contained in this section is also applicable to this
discussion.

Based on an assessment of the actuator design, it was concluded
that to satisfy the qualification environment, development tests would
be required on a dynamically similar engineering model. With data ac-
quired during rather extensive development tests, analytical techniques
could be employed to demonstrate this objective. For these reasons,
the vibration qualification objective is allocated to the analysis and

development functions of Exhibit III-15b.

ACCELERATION

The acceleration specification objective for the actuator is
stated in Section 3.10. 8 of Specification 1A66248. The requirement
specifically states that the actuator must survive 8 G's along the
thrust axis and 2 G's along the two mutually perpendicular axes in
both the plus and minus directions in an operating status. Tkis require-
ment outlines a total of six operational-acceleration situations that
must be considered in hardware qualification. It must be shown
that the actuator operates satisfactorily in each of the six conditions
mentioned and that no structural, seal, or electrical problems will
occur. The major problems that may occur during acceleration concern
elongation and shearing of parts such as end plate bolts and housings.
Seal problems can also occur as a result of piece-part deformation or

seal loading due to the mass of the media inside the actuator. The case

>3 Douglas: Op. Cit., SCN's 1A66248-503 and -505, Section 2. 2. 2.
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of a fluid-operated unit such as the hydraulic actuator requires another
consideration within the acceleration objective: How well will the unit
handle the fluid? Will the fluid move readily through the system? Will
it bubble or cavitate?

The design was assessed to determine if these areas could be
resolved by analytical techniques. Since many similar items of
qualified hardware curreuntly exist irom previous programs, it was
concluded that these potential problems could be satisfactorily resolved
by comparison. For this reason, the acceleration function is allocated

to the analyses function of Exhibit III-15b,

SHOCK

The actuator is required by Section 3.10.7 of Spec. 1A66248 to
meet a qualification objective of 100 G's shock in each direction in three
mutually perpendicular axes. 56 The shock objective demonstrates
structural integrity of the actuator in a shock condition. It must be
shown that the attach bolts will not elongate or shear, that the end plates
or housing will not deform or . upture, that the piston and shaft will not
deform or jam, that the seals will remain intact in all areas, and that
the electrical piece parts such as the potentiometer and connector will
function properly after shock.

The design was assessed to determine if this objective could be
accomplished with analytical techniques. It was concluded that analyses
would show the design could withstand the shock conditions, but for an
items of this mass and complexity, tests must be performed to conclusively
demonstrate the cbjective. These tests could be performed on engineering
models during development testing.

For this reason, the shock objective is shown under the analysis

and development test functions of Exhibit III-15b.

56Douglas: Actuator Assembly, Hydraulic, Specification For

(Douglas Aircraft Corp., Santa Monica, Calif., Jan. 24, 1963) Specifi-
cation No. 1A66248.
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THERMAL VACUUM )

The requirements for thermal vaccum qualification are satisfactory
operation at -300°F and 1 x 10-'7 Torr when the hydraulic fluid is main-
tained at 100°F in a reservoir and is circulated through operation of the
actuator.

The design of the actuator was assessed to determine if this
objective could be met by analyses. It was concluded that there were no
new or unique aspects concerning the vacuum environment. Provided
that adequate temperature tests were conducted during development tests,
this objective could be demonstraied by comparative techniques. The
thermal vacuum objective is allocated to the analyses function of Exhibit
III-15b.

HEAT FLOW

This qualification objective is peculiar to this actuator and to

similar pieces of hydraulic hardware. It is actually an extension of

the temperature testing discussed previously, intended to demonstrate

that no detrimental effects on se: "~ or materials occur while the - ehicle 3
holds in the pre-launch condition.

Environmental conditions57 imposed on the actuator are to
maintain the heat-sink temperature at -175°F, Hydraulic pressure is
applied at 3650 psig between 10°F and 40°F; and with a neutral command
to the actuator (piston centered) the actuator temperature distribution
must be determined for the actuator at environmental temperatures of
-25°F, -45°F, and -80°F.

To demonstrate this objective analytically it must be shown that
there are no temperature gradients or "hot spots" which will cause
materials or seals deformations such that the actuator will leak, rupture,
or fail to operate properly. The heat gradients between heat sink,

environment, and fluid are significant.

57Doug1as: Qualification Tests of the Hydraulic Actuator
Assemblies, Douglas SCN's 1A66248-503 and -505. (Douglas Aircraft
Corp., Santa Monica, Calif., August 1966) SM-46580, Section 2.2.7.1
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Differences in the rate of expansion at different points in the actuator
must be determined and must be satisfactorily shown to be neutral in
detriment.

Based on the complexity of the actuator, it was concluded that
tests must be performed during development tests on a flight similar
engineering model to conclusively demonstrate this objective. This

objective is allocated to the development test phase of Exhibit III«15b.

RF1

RFI is specified in the test plan58 as a qualification objective
for the actuator.

The major problem for the actuator in the area of RFI is the
possible conduction of erroneous and spurious command piston signals
to the valve control servo electronics system, causing the valve to
actuate to these erroneous commands or to chatter due to the RFI
transients. During systems tests, the actuator and its associated

59

electronics are monitored closely for RFI™° problems which may occur
at a systems level.

Utilization of analyses techniques, employment of applicable
similarity data, and performance of development tests will demonstrate
this objective. The development testing can be done on engineering
hardware, thus deleting the testing requirement for unique qualification
hardware.

These tests are shown in Exhibit I11I-15b as a part of the RFI

gualification objective for the actuator. The analyses, engineering model

development testing, and systems tests are shown in their respective
positions in Exhibit III-15b.,

58Dou.glas: General Test Plan, Saturn S-IVB System (Douglas
Aircraft Co., Santa Monica, Calif., Dec. 1965) Report SM-41412,
Appendix 1

59Douglas: All Systems Test, Saturn IB, (Douglas Aircraft
Co., Santa Monica, Calif.), Specification No. 1B65533 (This number
obtained by telecon 1-14-72 from McDonnell-Douglas Aircraft Corp.,
Sacramento, Calif,)
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LIFE CYCLE

The object of the life cycle qualification requirement is to
demonstrate the ability of the actuator to perform satisfactorily through-
out its period of operation. The moving parts most likely to fail in
the actuator are the piston, valve, and potentiometer. The most sus-
ceptible parts cf the piston are the seals, primarily that around the
piston itself, and secondly, those around the tail shaft where the rod
end connects. In addition the moving parts of the servo valve are likely
to fail.

The life of the actuator is a function of design, workmanship,
and inspection. To demonstrate achievement of the life cycle qualif-
cation objective for the actuator it must be proven that:

o All purchased parts and materials are qualified for the

intended use;

o That finish of the bore, tolerances, fits of piece parts,

and materials will meet the life cycle requirements in an

operating environment.

Based on an assessment of the actuator design, it was concluded that
analytical techniques are not available to demonstrate service life. To
accomplish this objective without formal qualification tests will require a
service life development test on a flight identical unit.

According to these considerations, the actuator life test qualifica-
tion objective is allocated to the analysis and development testing functions
of Exhibit III-15b.

HUMIDITY

The actuator is required to achieve a qualification objective
which demonstrates immunity to humidity. The objective required for
the actuator to meet is survival in an accelerated environmental situation
brought about by elevated temperatures, These temperature conditions
impose vapor pressures on the actuator which can cause migration of

water vapor through any improperly mated or incorrectly sealed surfaces.
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The detrimental effects of water vapor may be corrosion (including
rust in some cases); support for fungus growth, associated with the
resultant seal deterioration; and short circuiting of the position potentio-
meter,

To demonstrate achievement of the humidity qualification objective,
it must be proven that the materials chosen are corrosion resistant by
virtue of handbook data or by similarity analysis. It must also be shown
that the temperature extremes required in this objective will not deform
the end plates or covers enough to jeopardize seal integrity and that the
materials chosen for the seals are not hygroscopic and will not deteriorate
under the required environment. This data is available from handbooks
and from materials specifications.

Even though a complete analysis could be performed on this
objective, it was concluded that for a mechanism of this comple:. ity,
there would be enough unknowns and assumptions to justify a humidity
test during the development ;cest cycle. For this reason this objective

is allocated to the analysis and development test function of Exhibit III-~15b.

BURST PRESSURE

The actuator 1s required to demonstrate a burst pressure
qualification objective in excess of 9130 psig at a stabilized temperature
of 275°F. The requir ement is cited in the S-IVB test plan, 60 applied in
the actuator specification, 61 and discussed in the qualification test report.

The object of this burst objective is to determine at what point
in excess of 9130 psig the actuator will fail., The actuator could fail in
several ways: overstress of the end cover holts in tension; rupturing

around the tail shaft area or around t}.e inlet port area; or by rupturing

60 Douglas: General Test Plan, Saturn S-IVB System (Douglas
Aircraft Co., Santa Monica, Calif,, December, 1965) Report No,
SM-41412, Appendix 1

61 Douglas: Actuator Assembly, Hydraulic (Douglas Aircraft
Co., Santa Monica,, Calif,, June 1963), Specification No. 1A66248,
Section 3, 7.12.

62 Douglas: Qualification Tests of the Hydraulic Actuator
Assemblies, Douglas SCN's 1A66248-503 and -505 (Douglas Aircraft
Co., Santa Monica, Calif.,, August 1966), Report No. SM-46580
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thrcgh the side. The end plate bolts' combined tensile strength would
probably preclude blowing off the end plate; thus, the most likely failure }
to occur would be rupturing around the tail shaft or through the side,
Burst pressure can be calculated by analytical techniques but the
only conclusive method to determine the actual burst pressure is by
conducting the test on a flight identical assembly. For this reason the

burst pressure is allocated to the development test function of Exhibit
III-15b,

SUMMARY OF S-1VB HYDRAULIC ACTUATOR

This study determined that it is technically feasible to demonstrate
qualification objectives on the S-IVB Hydraulic Actuator without the
conduction of formal tests, However, tc accomplish this, it is required
that the development tests include a significant number of additional tests
on flight identical test units. For this reason it is not intuitively obvious
that the approach presented herein would result in an overall cost savings
when compared to the usual qualification programs. A detail cost trade
should be accomylished to assure that it would be cost effective prior to 3
implementing this qualification approach for hardware of this type.

The qualification test report63 on the hydraulic actuator was
reviewed to detetmine if any failure or problems were encountered that
would not have been detected if the actuator was qualified in the manner

described above, Exhibit III-16 presents the results of this review.

63 Qualification Tests of the Hydraulic Actnator Assemblies.
Douglas Report No, SM-46580 dated August 1966.




PRC D-2085

75

"9I-III 3TQrUxd

~mo} Ajdwaaixs s1 Burysey

yuawdo(easp X0 sachsjene Suranp aznjre; jo 244 st
Suda39p jo Aqiqeqoad ayy, “IINITE] PIIRIOST uUe SEa (Q)
w9y ‘SIMSII 3533 [[RIJAO Y3 UO IDIFFP I8Idape OU peY

Ap3usaedde pue dn3as 3833 Y3 JO I{NE} ' Sea 3a0qe () WO

W« "30jen3oE 93 AQ JOU IJ[OIWUD CAIIS [oUUTYO-TEND I
a1 jusuoduiod AIne] v AQ POSTED UIIQ IAWY O3 PAIAITIAQ
a3e £5Y3 INg WAOWY JOU ST STOREIIIIS0 Y} I0] GOSEIX
I0TX9 Y] “INDDC 30U PIP SUCREIIION0 Y3 ‘pIsn s
1agijduze CAJ26 JATIONE UM °UORTI[IOsC Iy; poddoss
I03TNIDR Y3 WOI I0IDIUTUOD [BIIIIDIP Y JO [waCwIdY
sd> gz7 APjrwmxcidde paanseaw STOREIIIOSO Y3 jO
Asusnbaay sy “yooys ay3 jo uonwsrdde agy Iayw >R}
JBIIIND SY3 WO PIAIISQO 9194 suUOHE[(IOs0 Ipnyydure
IIeWs ‘UGOIDIIIP ISUIYI 9Y3 VL 63993 Aooys Burang,, °]
. "91qeydaDde II3m S[PAI] IIMO] I3 TP PIPIISP sea
3 ‘¢ *oN uwewrdeds uo pIwzojaad Sunsey uoneiqia

X
3

SAIBUIIXD Y3 uUC paseg sed 393093-x00Y
73 30 A3roeded sxnesasd uIM]oA-mO] 373 Aq pasne>
sem DTS SIY paiIdads B o1 Y3 T3 JImo]
juaszad g 03 g2 P39 3833 Y3 SBuranp wasind xdoys
indui aqz jo sepmyruBein oy - °** suswazmbaz
o3 39d pa3sa~YOOYs sem ¢ "ON uIWDIds 3€IL, ‘e

w» *SPUCIIE ([N 2301 JO UOHEINP ¥ Wim

(os1nd sute-jrey) yead $-0 001 2 ITeqs s3ndur XI04P S
03 0Ys uIm Jo 303 v ‘saxe Jwnarpuadiad Ajrennuz 22143
30 goee Suole UOIIDIIIP IUO UL SYOOYS IIIPR ©3 paAque
21 Ajquosse J03en3OE Y3 GIYM uolzepexSIp Iouwuriojzad
20 ‘uotjdunijew: ‘Ifeuwsep JOo IOUIPIAS OU IQ (feYS IIAYL,,
S(O0QS [ITUEYIIW

‘2

-posnh Sea UPIIY PIQIIO8ep yoeczdde wonesyirend

Q3 J1 PaIS9Idp uIq dawy prnom waiqoad sTY3 e A[RyI[Un
£1 31 ‘3N 2u0 AjuC 20j IinNTey PIIL[OST UE Sem 61U} BOUIG

. “Sur3sa; asuodsaz Aousnbaz;

{euonRIPpE oYM 91qeideddr PIIVPISUOD ITIM 3833
uorjeIqIe aInyeasdural-ysry Y3 JO S3MSIT Y3 ‘eINUY Iqe
-mo[re ag3 weys IayBy A13gdie Afuo sea Surtead jueucesa
JUSIIND /PRO] PRETIIOUT IY3 IDUIS  “S1sAjrue [PUORIPPE 103
“+37u] *87033u00) OAISS BOOK 03 PIUINIIIT Fem I03INIOE
*sarzzou J-JQ R o SurgIgs
Aq pasne> Ajqissod sem Smdwrep ur oEuegd o3 gy
prioedsns sem 3j  “Yout I3d spuncd 0§ O3 OSY 3O sITEX
paansesw yua jewiou pazeadde Sutide o3 pue ‘axoq 3t

2Y3 ‘TOSEII SN} I0F

u; 9227 sem TO3eId I] "PIURLIEXI pue Sursnoy xojenide

a3 woaj pascwax d33a sSurzde pue vosid - 4L
“Suidwep STUIPTAP WIISAS OAIIS UL WOHIONPIT © paspduit
siy3y ° +°° ‘Bupfead JUEUOEIX JUOIIND /PEO] UL ISTIIDWL

ue paresasaz 1593 9suodsax Aousnbax; worgeaqia-3sod ayy,,

» "POI0MTOW 3q [[¥YS 12eqpS3; onrsed pue
“oeqPIA; 4130w ‘Juaz2nd ndur IAatea ‘Iznssaad renud
~20331p 19pUIAD ‘s3anssazd vinida puw Alddus dipneapil

+ *+* guotzedijdde woREIqLA

puez pre jep: ayz o3
peidelqns 3q [jeys uswdade 3893 AR ‘suonipuod ButcBazo; Iq
23pup
Iojensde YL

3w 0¢T jo [euSis pueunuod xemiueiis v

-pisd 002 *1 2Q 11*qe 2anssad (PRLIII[ITP 23puAD
-307en3d>e ay; o3 pardde aq (1eys 8d> g
ganzezeduwiay
wWooa 3q ([PYS JTIWUVOITAUD 3633 IYL “uanjea Srsd-go1

03 -0§ pue Apddns Bind-gg9 ‘g 30 au3
o3 patjdde aq {Ivqs I G2+ 3¢ PIOY OUNEIPAY ‘220X 3833
prol 941 Tl pIInow URNUIOIAE 3993 IGI [T “FIuIwaambdaz
uoneaqta axnjeaadmat-yirg Sutmorioy ae 03 pIdIiqus

81 Ajquzasse J07en3dE I3 UIYM GOonEpPEISIp Iouwniojzad

sozd 3¢

z0 ‘vonsunjlew ‘a8wwep jO IDTIPIAD OU IQ [TEYE IIIYL,.

THOLTeAqIA

1

FIWIWIWO ) §,I0INY

TWOTIEIAS(] 3O uondiIS8aQg

#30IWweIMboy UonEIPIdAS

SNOILVIAZG 1STI NOILVIIITIVAD WOIVALOV DIIAVEAAH €AI-S JO AYVNAS




PRC D-2085

76

("3u0D) 91-IIT 3TqIYXH

*S31UN 3¥93 [EITIUIPT UO sIanpadoad
1637 Ze[TUIS ISPUN PIONPUCD PI94 83893 Y3 papiaoad
S]IN[IR] Y3 PIIDIIDP IA Y PINOD £3893 wonEdYIrend jo nany ur

do{oadp 93 ‘IPAamol °sanbruysay

UWIODIL EIEI3 3

vep

TednAfeue 4q pa3dipaad uaaq 2ATY J0U PINOD SUCTIVIAID PEIQT,

“$7245 026 ‘¥ 3T PAIINDDO ** - samydna

239Kwon  “TWONDIBIIIUL [TRI-IIVG I3 3O SNIPRI O
Suoje $3T0Y I0323UUOD Y3 WOl paemumop SuizeSedozd
uefaq €3323> ‘paumnsaz seam BurpdL> ze3re Aejerpourun
sowy  s3enbope [f1is sem 3xed a3 yo wBueass agy

31 JURUIVIIP O3 8IIDAD 22m0d-1INJ GO0 ‘S [BPUOIIIPPE TE
41dde poe JojenyoE IYY WO pUI PAAIWID Y3 [EISVIZ

O3 PIPIOOp Sea 31 *°*  ‘unz esuocdsaz-Aduanbosy
31243-9311-390d 9Y3 30 ¢ 3333 Iayie Buranp peaznsdo
3Inire; Y3 JeYT IILIIPUI S30TF IBIYY  *dznjre; jo uls
Aue {e2a23 30T PIP 2 PUR | 83893 81345951 Burmorro;
TORCURDEXD 83693 IDLD-3J1] 9Y3 #OUIS PIey UGA] 300
Peg 33ed 94  *SI0309TUWOD RDIIIDIP OA] I BIMIOG
P#DBID 9Q O3 PIZAAODSIP Sem § “ON TSwpeds

3893 3O Y>08[TXT WNTUIT} A ‘Surisy OfdAd-crmy

ay3 3o wonddwiod Jeye eyiaowr 2 Ajaemirxoaddy,,

« "9IN[IT} 20 $XJe1d Aue jraaaz jou

PIp ‘Buiise; zaye ‘sjuswidads 3833 gioq jo uogdadsur
fensia Jnq ‘SIOIDPTWOD TBIIIIDIS Ay Jo L31uidia

2Q3 Ur YO03I8[IN WNIUNR Y jo Burxd[ J1qeIdncu

‘2 pue | 83893 ‘2amod-yng pue -jrey
32 A[1303o€ejs1e3s pIwiciaad suswdads 36933 Wiog,,

« "PUP WM Oq3 JO IINITey 33310 U PANBII
syuawaanbax 3893 worgedyijendb ayy puokag » *oN
wataidads 3893 30 SulrdAd Jamod-[In} [RTUONIIPPY 1893
ssuodsaa-Louanbaay 9194>-9311~380d dy3 30 ¢ 633 IV
Butanp £970Yy 30303TWOD (EITIIDI[S Y3 UIIMIIQ pud

sTM 23977,

wnmue;ly 343 jo Sund>ead paduatzadxa 3 ‘oN uwIswdade
3$9] ‘2 pue | $3833 Surgordwiod Ajnzesaddns 19yy,,

>

q

«°#d2 02 PUE ‘91 ‘21 ‘01 '0°6 ‘S°8 ‘0°8 ‘S°Z ‘S°€°0°C
*§°2°0°2 ‘0°1 ‘970 ‘¥°0 ‘2°0 :s3oudINbIz; Surmolioj gy
3¢ 92INURL § JO UCIIEIND v 203 Ipryirdne Yoes ‘axoiss
I03eniow A3 70 Ju2d 23ad g2 pue JuID 23d § o3 Juseanbe
steadte opngridwe JuwIsuODd GILn €31942 000 ‘001 2
*JAleAONI3S
{3 jo ndyne Iamod 3nespAy wnwrixews Y3 1oy
3¢ 3urs4> ‘sx0Is JojeMDE Fley-IUO 3 EI(PAD 000 0T °Q
"IAlEACAZIS Y3 Jo Indino Jamod DINBIPAY wunAIIXERS
243 3¢ BupdAd ‘axqoa3e IojenidE [0 3¢ $I[DPAD 000 °S ‘T
*£3194> jo sa129s Suimoyio;
Y3 03 pIdIfQns £1 AjQuuIsse 203eNIOT SY] BIYM JUIWIEN]
-perewr 20 ‘a8ewep ‘afeyed| JO IDUVIPMI OU Iq ([EYS IIAIYL,,

T[peo] [eTxy) 198D 91 €

SIWITRUCY &3040y

SuoiIeIAS(Q 3O UOnGIZOEaQ

SIuswIainbay VOITOFIDIaAs

(*3ueD) SNOIEVIAZA ISIL NOIIVIIIIIVAD YOIVALOV OIIAVIAAH €AI-S O AUWVNINAS



PRC D-2085
77

v, SCOREKEEPING

1. RATIONALE

Program Management rnust monitor status of hardware qualifi-
cation. When hardware is qualified in the usual mauner, this is accom-
plished by monitoring ""qualification tests complete' milestones on program
schedules. If formal qualification tests are deicted, and hardware is
qualified by the manner described herein, other methods of monitoring
hardware qualification status at any point in the program must be imple-~
mented, A method of '""scorekeeping' to accomplish this must ke part of
the overall management plan imposed on the contractor and subcontractor
at the time this method of qualification is authorized ‘»r use on a hardware
program, This scorekeeping technique must be simple, usable, readily
implementable and cost effective.

The method of scorekeeping devised in conjunction with this study
saticfies these requirements, It is based on the principle that the hard.
ware must meet all qualification objectives that would be established if
the item were subjected to formal qualification tests. This technique is
designed according to the concept that qualification objectives serve as
monitoring points during the qualification activities, and the completicn

of these objectives is monitored during the various program phases,
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2. SCOREKEEPING IMPLEMENTATION

The steps involved in implementing this scorekeeping system are
shown in Exhibit IV-1,

DETERgIN_E ggg
EACH OF TH
Uiﬂﬁtll\?l{on REQUIREMENTS ARE ASSIGN A ¢
Q IVES » TO BEY l}g{LIYLSLIESD » WEIGHT TO EACH
TEST OBJECT IEB OBJECTIVE
& REQUIREMENTS OR INTEGRATED
’ TESTING.
JESTABLISH MATRIX INCLUDE DETAIL MONITOR PROGRESS
TO FACILITATE QUALIFICATION OF QUALIFICATION
» MONITORING OF »{ APPROACH IN > THROUGHOUT
QUALIFICATION APPLICABLE PROGRAM AND
PROGRAM TEST PLANS UPDATE MATRIX

Exhibit IV-1. SCOREKEEPING SYSTEM IMPLEMENTATION

The proper display of the milestones and their percentages will
immediately make several different kinds of information obvious to
program management. This information includes the total percentage of
each milestone relative to the total program effort, the percentage of
corapletion reached at any point by total program or by individual mile-
stones, and the percentage of the total program to be accomplished by
analysis, by development testing, by systems testing, or by other activities
in the program.

The specific steps required, both for the design organization and
program management, are depicted in Exhibit IV-2, A specific example
serves to illustrate more clearly the scorekeeping techniques proposed.
The example chosen is an application of the scorekeeping technique to one
of the four pieces of hardware included in this study, the IU 56-Volt
Power Supply.
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CONTRACTOR/DESIGN PROGRAM MANAGEMENT
ORGANIZAY ION FUNCTIONS FUNCTIONS

ESTABLISH
QUALIFICATION
TEST OBJECTIVES
FOR 56 VOLT
POWER SUPPLY

DEFINE BEST METHOD OF
ACCOMPLISHING DETAIL

OBJECTIVES BY ANALYSIS
SIMILARITY , OR
INTEGRATED TESTING

DOCUMENT APPROACH IN

APPLICABLE TEST PLANS APPROVAL OF TEST
& PREPARE SCOREKEEPING | PLANS & APPROACH
MATRIX

CONDUCT DEVELOPMENT
TESTING AND REQUIRED MONITOR
ANALYSIS -

PREPARE CDR MATERIAL
CONSISTING OF REQMTS,

PROPOSED DESIGN,
DEVELOPMENT TEST RESULTS,
& ANALYTICAL RESULTS

PRESENT DATA
AT CRITICAL APPROVAL OF DESIGN
DESIGN REVIEW

MONITOR OTHER TEST
PHASES AND UPDATE
SCOREKEEPING MATRIX

A

SPl?;:GREF m‘Al{ 5| QUALIFICATION

QUALIFICATION REPORT APPROVAL

Exhibit IV-2, IMPLEMENTATION OF SCOREKEEPING
TECHNIQUE FOR 56-VOLT POWER SUPPLY
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An example of the scorekeeping matrix for the pcwer supply is
shown in Exhibit IV-3, This example is based on the results of this study
on the qualification of the power supply. The weighting percentages used
are engineering judgments based onthe detail evaluation of the power

supply design and the associated test documentation.

SCOREKEEPING MATRIX

TEST P 2 (%
TYPE oo\ % %% % Q’J'/-,
2 <, Z L %Y
& & < . » Z (4
TEST . 2 % ANANEANY o)
DHASE %\ 9 "bqf_ ANAKAK AN
% CONTRIBUTION 15 3 18 8 7 15 9 5 20 | 100
ANALYSIS 15 3 8 2 3 5 9 5 10 60
DEVELOPMENT TEST 10 4 4 10 28
ACCEPTANCE TESTS 2 5 7
RECEIVING TESTS
VEHICLE TESTS 5 5

Exhibit IV-3, SCOREKEEPING SHEET SHOWING TOTAL AND
INDIVIDUAL PERCENTAGE CONTRIBUTIONS TO
QUALIFICATION TEST OBJECTIVES - 56-VOLT
POWER SUPPLY

The qualification test objectives are listed across the top of the matrix
and the program functione are listed vertically. The design organization
must determine the percentage weight of each objective and allocate this
to the appropriate program phases. As shown in the matrix several of
the objectives are allocated to more than one phase, i.e,, analysis and
test.

This percentage weighting must be based on the designer's best
engineering judgment, called from previous hardware programs. For
instance, if the designer knows from experience that RFI presentad
twice the difficulty shown by acceleration on previous hardware programs,
this knowledge will be reflected by arbitrarily 1ssigning twice the per-
centage points to RFI as are assigned to acceleration, The relative

weighting and distribution is thus an arbitrary function performed by
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the designer and based on his best enginearing judgment. These allo-
cations are subject to approval by program management,

The scorekeeping matrix delineates the accurate qualification
status at all times during the program based on the completion of ana-
lyses and test phases. For example, when the analysis portion is com-~
pleted, the power supply is 60 percent qualified. See Exhibit IV-4 for
the distribution of qualification objectives as defined in Section III-1,
This is a positive and concise summary of the qualification status of the
hardware, requiring only the submittal of one updated sheet to program
management, This matrix could be included in the periodic reports re-
quired. Once the scorekeeping is established, as described above, it
requires only checkoff and updating to keep program management appraised

of progress. This gives management visibility of potential problems in

qualification,

3. SCOREKEEPING SUMMARY

The scorekeeping technique presented in this section is designed
in accordance with the qualification approach proposed by this study.
It will allow a great deal of '"quick look' data to be readily available for
management with very little effort. This technique fulfills the objectives
earlier outlined as being required of a valid scorekeeping system; that
is it must be simple, it must be usable, it must be readily implem: ntable,

and it must be cost effective.
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V. CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

This study showed that selected items of hardware can be qualified
without formal qualification tests. To determine the items of hardware
that can be effectively qualified in the manner described herein, the added
cost of development testing versus the cost of usual qualification tests
must be compared.

The following specific conclusions were reached based on the
detail assessment of the four items of hardware. These are:

o Redundant and repeat testing can be minimized by integrating
and distributing the qualification test objectives with other
planned tests.

o  The overall quantity of required documentation for the veri-
fication activities can be reduced by deletion of formal
qualification test procedures, reports, etc.

o More formal configuration management of development test
hardware will be required if formal qualification tests are
deleted.

o Design analyses must be documented and results presented
in design reviews.

o  With the ""scorekeeping'' technique presented, program manage-
ment can retain current visibility of the equivalent hardware

status.
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2. RECOMMENDATIONS ‘)

For success of the qualification program defined in this study,

management and the design organizations must adhere to a few basic

groundrules. These recommendations are presented below:

(a)

(b)

(c)

(d)

The design organization must retain the complete and total
responsibility for qualification of the hardware., Imple-
mentation of new methods or techniques for qualification should
in no way suggest that the designer be relieved of the respon-

sibility for qualification.

The implementation of methods outlined in this study requires
well-defined '"design-to'' specifications. The following are
therefore recommended to be available to the design organi-
zation,

1. Reliability requirements
2. Life cycle requirements
3. Environmental requirements
4. Operational limits and possible overloads 3
5. Maintainability and replaceability requirements
All piece-parts and materials must be purchased from an
approved specification and a Qualified Parts List (QPL).

This assures the required parameters.,

The design organization must have the option of specifying
limited qualification type testing during development testing
or during other appropriate test phases. With this option,
the design organization has the flexibility to specify the
completion of all the qualification objectives in the most

cost-effective manner,
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